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®APEHIOK I'.T.
A-p  TexHiYHHUX  Hayk, Jupekrop, Il "/epxaBHuii  HayKOBO-
AOCAIAHUE  iHCcTUTYT OyAiBeABHUX KOHCTpyKuiid', M. Kuis, Ykpaina,

CTPYKTYPA TA METOZAUYHI ITOAOKEHHSA HOPMATHUBHOI
bA3HU 3 IITMTAHb EHEPTOE®EKTHMBHOCTI BY/IBEAD

AHOTAIIA. Y crarri NpeACTaBA€HO —aHAAI3 YHUHHOI
3aKOHOAABYOI Ta HOPMATUBHOI 6asu YKpaiHu B Tanysi
eHeproepeKTUBHOCTI OyJAiBeAb. IcHyroumit cucreMHuii
KOMIIA€KC HOpPM Ta CTaHAApTIB CTBOPEHO Ha OCHOBI
po3pobreHOl  MeToAOAOTIT TOOYyA0BH Ta PO3BUTKY
HOpPMAaTUBHOI 6a3M 3 NHTAHb €HEProePpeKTHBHOCTI
6yaiBeab. HopMmaTusaa 6a3a B ranysi eHeproepeKTHBHOCTI
6yAiBeAb PO3BHUBAETLCA 3a ABOMA HarpsAMamH. Ilepimii
- TApMOHI3aIisA 3 EBPOIEUCBKUMH HOPMATHBHHMU
AOKYMEHTAMH Ta IMIIAEMEHTALlIA TIOAOKEHD /upexTHBH
2010/31/€C y nopmatusHe IoAe YKpainu; Apyruil -
PO3BHTOK HAIIOHAABHOI TIAKH HOPM Ta CTaHJAAPTIB, fAKI
OCHOBaHI HA TPaJHIIHHUX MIAXOAAX A0 NPOEKTYBaHHS
6yAiBeAb. Y HaI[lOHAABHIN TiALL 3a6e311e9eH0 30e pesKeHHA
HaIlpamioBaHb IIOAO OIIIHIOBAaHHA €HEPreTHYHHX
XapaKTepUCTHK 6y4iBe/\b Ta  TEIAOTEXHIYHUX
MOKA3HHKIB TETIAOIZOAALIIHOI 0O0NOHKH OyJIBEAD, SKI
6yAH pO3BHHYTI HAYKOBOIO Ta IIPOEKTHOIO IPAKTHKOIO.
Y craTri pO3TASIHYTO  METOAHMYHI  ITOAOKEHHS
HOPMATUBHUX aKTIB Ta JOKYMEHTIB, IKI pETAAMEHTYIOTh
IIPAaBUAQ IPOEKTYBAHHA TEIIAOIZOAAIIMHOI 060AOHKH
Ta IH/KEHEpPHOro oOAagHAHHA OYyAWHKIB IIPH HOBOMY
6yAIBHUIITBI Ta PEKOHCTPYKIIIi.

KAIOYOBI CAOBA: eHeproepeKTUBHICTb, OYAIBAIL
HopMaTHBHA 6a3a

STRUCTURE AND METHODICAL PROVISIONS
OF THE BUILDINGS ENERGY PERFORMANCE
REGULATIONS

FARENYUK G.G. Dr., Prof. Direclor, Stale enterprise “State
Scientific Research Institute of Building Constructions”, Kyiv,
Ukraine, e-mail: farenyuk@ndibk.gov.ua,

mel.: + 38 (044) 249-72-34, ORCID: 0000-002-5703-3976
ABSTRACT. In the paper the analysis of the current
legislative and normative base of Ukraine in the field
of buildings energy performance is presented. The
existing systemic complex of norms and standards was
created on the basis of the elaborated methodology of
constructing and developing a normative base on energy
performance of buildings. The normative base in the field
of energy performance of buildings is developing in two
directions. The first direction is the harmonization with

the European regulations and the implementation of the
2010/31/EU Directive provisions in the normative field of
Ukraine; and the second way includes the development of
a national branch of regulations and standards based on
traditional approaches to buildings design. It is ensured
in the national branch that the groundworks concerning
the assessment of the buildings energy performance and
the heat-engineering parameters of buildings thermal
envelopes, which have been developed by scientific and
design practice, are maintained.

The article discusses the methodical provisions of
normative acts and documents regulating the rules of
designing the thermal envelopes and technical equipment
for buildings under new construction and renovation.
KEY WORDS: energy performance, buildings, normative
base.

ITIOCTAHOBKA ITPOBAEMM B ymoBax pHHKOBOI
€KOHOMIKH 40 HAHOIABIN A1€BUX MEXAHI3MIB BIIAUBY
JAep:kaBu Ha POPMYBAHHS PUHKY €HEPrOHOCIIB Bij-
HOCATb CTBOPEHHA Ta yAOCKOHAAEHHS 3aKOHO/ABYOI
Ta HOPMATUBHOI 6a3, fAKI BU3HAYAIOThH IIPABUAA B3a-
€MOJIl MIK Yy4aCHHKaMH PUHKOBHX mpomecis. Ilpu
IIbOMY J€psKaBa BCTAHOBAIOE 0OOB’A3KOBI BUMOTH Ta
Kputepii, ski 3abesneuyiors ii Gesneky. Exonommne
BUKOPHUCTAHHA eHepru € came yMOBOIO 6esnexku
YKpaiHH, €eKOHOMIKAa AKOI 3aA€KHTb Big 1IHO3EMHHX
IIOCTAaYaAbHHKIB eHepropecypcis. Cdepu po3BHTKY
3aKOHOZaBYOI Ta HOpMATHBHOI 6a3 y ranysi enepro-
e(peKTUBHOCTI B YKpaiHl HOKH 3HAXOAATLCA Y PI3HHUX
BHUMipax — HOpMaTUBHA 6a3a CTBOPIOETbCA BIAIIOBIZ-
HO /0 4iTKOI HayKOBOi MeTogoAorii [1], mocriiitHo BgO-
CKOHAAIOETbCH, HM[OPIYHO BBOAATHLCA HOBI JOKYMEH-
TH, B TOH 4ac AK Ha PiBHI 3aKOHOZAABCTBA JOBTHIl 4ac
icHyBaB TIABKH 3akoH Ykpainu «IIpo eneprosbepe-
skeHHA» Big 01.07.94, No 74/94-BP.

ITporarom 2009-2016 pokis cipobu BJOCKOHANUTH
3aKOHOJABUy 6a3y 341l CHIOBAAH JEKIABKA PasiB.

2009 pik - npoexT 3akony Ykpainu “Ilpo enepro-
epexTuBHicTb 6ygiBear” 6yB BHeceHmil KabineTom
MiHiCTpiB Yxpainu, ay 2010 BiAK/\I/IKaHHI‘/'I

2010 le - IPOEKT 3aKOHY 3a TIEI0 K HA3BOIO 6yB
BHECEHMH HAPOAHNM JEIYTATOM 10.B. OgapyeHKoM i
He OyB NpUHHATHI;
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2011 pix - nmpoekr 3akony Ykpainu «IIpo enep-
roepeKTUBHICTb» OYB BHECEHHUH HAPOJAHUMHU JEIIyTa-
tamu C.B. ITammuacskum Tta O.®. JyboBuM, are He
HPUIHATHIH;

2012 pik - npoekt 3akony Ykpainu «IIpo enepro-
€(pEKTHBHICTh KUTAOBHX Td I'POMAACBKUX Oy/iBeAb»
BHecenuil KabGinerom MinicTpis Yxpainu ta y 2013
poui 6yB Bigxurenuii Bepxosnoio Pagoio Ykpainu;

2014 pik - npoexr 3axkony Ykpainu «IIpo enep-
reTuuHy epeKTUBHICTL Oy/JiBeAb» BHECEHMH HapoJ-
HuUMH genyTraramu Ykpaimm /.M. AngpieBbKmM,
A.B. Ba6ak, B.®. Cramykom Ta iH. OyB IpUHHATUM
Bepxosuoio Pagoio Ykpainu ra miguucanunii I1pesu-
aenToM Ykpainu 20.07.2017. Ieit 3aKOH peryAIo€ Bigj-
HOCHHHU, IIJ0 BUHHKAIOTH Y cPepi 3abe3rnedeH s eHep-
reTHIHOI epEKTHBHOCTI 6yAIBEAD, 3 METOIO I1iABHIIICH-
Hsl pIBHSA CHEPreTHIHO] eq)eKTHBHocn 6yaiBens 3 ypa-
XYBAHHAM MICIIEBUX KAIMAaTHYHHX YMOB Ta 3abesIie-
HEHHS HANEHKHHX YMOB JAS HPOKUBAHHSA Ta/abo KuT-
TGAIH/\I)HOCTI Alogel y Takux Oy4iBAAX 1 € HPAMOIO
imnaemenranieio dupexrusu 2010/31/€C [2] y 3ako-
HOZABYE IIOAE Y KpaiHu.

Ognovacao 6yan npuiitnari 3akon Ykpainu «IIpo
dony eHeproedpekTUBHOCTI» Ta 3akoH Ykpaiau «IIpo
KOMepIIAHUA OOAIK TEnAOBOI eHeprii Ta BOAOIIOC-
Ta4aHHA», AKI CTBOPIOIOTH YMOBH AN A€PKABHOI
HIATPUMKH Ta CTUMYAIOBAaHHA 3aXO0/4IB IIABHIIEH-
HA €HeproepeKTUBHOCTI, AO3BOAAIOTh KOHTPOAIOBA-
TH ePEeKTUBHICTh peanisamii IUX 3aX04iB Ta CHpHU-
THMYTb MiZBHIIEHHIO €HEPIeTHYHOI HE3AAEKHOCTI Ta
eHepreTu4Hol 6e31eKn AeprKaBH.

Bpaxosyiouu 1ie, € BCl IACTaBH AASA CTBEPAKEHHA,
1110 3AKOHOAABYA Td HOPMATHBHA CUCTEMH CTBOPIOIOTh
LIAICHUH MEXaHI3M 3 BUPILIEHHS IIHUTAHb II1ABUIICH-
H: €eHeproepekTUBHOCTI 6yAiBeAb B YKpaiHi.

META CTATTI BusnayeHHsa OCHOBHHUX METO/HY-
HUX HPUHLUINB 1106YA0BH HOpMAaTHBHOI 6a3u 3 IH-
TaHb eHeproepeKTUBHOCTI OyAiBeAb HA OCHOBI mapa-
METPHYHOrO METOAY HOPMYBAHHS IIOKA3HUKIB Ge3re-
ku 00’eKTiB Oy4IBHUIITBA

OCHOBHHUM MATEPIAA B ocnoBy po3pobku
HOpMaTHUBHOI 623U B ra/\y31 eHeproepeKTUBHOCTI I10-
KAA/€HO METOAOAOTTYHUN IPUHIUII po3rasgy 6yaiB-
Al SIK €HEPTeTUYHOI CHCTEMH, 40 CKAAAY SIKOI BXOAUTh
HH3Ka B3aEMOIIOB’ I3aHUX migcucreM [3-5].

Po3BUTOK BITYM3HAHOI HOPMATUBHOI 6a3u y cdepi
eHeproepekTUBHOCTI OyJiBeAb 3/1HCHIOBABCA 3a Ta-
KHMU eTaltaMH.

Jo 1994 p. npoexryBaHHA OyJAiBeAb 34iHCHIOBA-
Au 3a CHull II-3-79%* «CrpouTeAbHast TEIIAOTEXHH-
Ka». OCHOBHUM KpHUTEpIiEM eHeproeq)eKTI/IBHOCTi 6yB
MOKA3HUK OTOpY TCH/\OHCpC,Z[d‘Il OTOPOAKYBANBHHX
KOHCprKHlI/I SIKAHT OI_IIHIOBa/\I/I Ha nmcmm BUMOT 13
CaHITAPHOI Iiri€HN Ta €KOHOMIYHO JOLIABHHUX BUTPAT.

3a3HaYEeHUMH HOPMAMH BCTAHOBAIOBAAUCH 1 1HII
[IOKA3HUKH, 33 SIKUMH IIPOEKTYBAAU TEIIAOIZOASALIH-
ny oboronky 6yaunkis. Hanpukaag, gomycrumy rem-
Ieparypy BHYTPIIIHBOI IIOBEPXHI OrOPOAKYBAABHOI
KOHCTPYKIIil IPH PO3PAaXYHKOBHX TEMIIEPATypax 30-
BHIIIHBOIO ({,) Ta BHYTPIIIHBOTO ({,) HOBITPA BU3HA-

YaAH 32 pOpPMyAaAMU n(l‘B v ) "

R o

_ yer
n(t=t) 1+7 R L@
Ry'a

Ae: R, — omip temaornepejadi 10 OCHOBHOMY IIOAIO,
R/ — npusegenuii onip rernronepegadi, R, - omip
TeIAolepejadi 110 30HI TEIIAOIIPOBIAHOTO BKAIOYEH-
HA, @, — KOepil[IEHT TEAOBig4a4i.

Dopmyay (1) 3aCTOCOBYBAAM A TEpMIYHO 0/ HO-
PIAHMX KOHCTPYKIjiH, c])opMyAy (2) — arsa TepmivHO
HEOAHOPIAHUX KOHCTPYKHIH, TOOTO HAa METOAMYHO-
MY PIBHI BKe BPaXOBYBAAU TEPMIUHY HEOAHOPIAHICTD
KOHCTPYKIIH 1 il BIIAMB Ha TEIIAOBTPATH OyiBAL

Y 1996 p. B Ykpaini 3minowo Ne 1 g0 CHull I1-3-79%*
6yro y 2,0-2,5 pasu migBUIIEHO BUMOTH A0 OIIOPY Te-
IAOIepeJadi Oropo/sKyBAABHHX KOHCTPYKIIH SKUT-
AOBHX Ta IPOMaACbKHUX OyJiBeAb. [HINI ITOKAa3HUKH B
[UX HOPMAax HE HEPETASAZAAH, IO 3YMOBUAO MaCOBE
BUHHKHECHHs TEIIAOBHUX BIAMOB IIpH peaAisanii npo-
eKTiB OyAiBeAD i3 MiABHIIEHUM OIIOPOM TEIIAOIIEPEa-
4i CTiH, aAe 3 HEOOTPYHTOBAHHUM iX TEXHIYHHUM pillIeH-
HSM II[0/0 BOAOTICHOTO pexumy [1].

Y 2006-2007 p.p. - yBegeHO B Jil0 gepkaBHi Oyai-
BeAbHI HopMmu /IBH B.2.6-31:2006 «Tennoa i3oas-
1is 6y4iBE€ADb» - HOBE IIOKOAIHHA OyZiBEABHUX HOPM 3
eHeproedpexTuHoOCTi OyaiBeAb. LlumMmu Hopmamu BBe-
AEHO IPHHIIUIIOBO HOBUH KPUTEPil eHeproepeKTHB-
HOCTI 6y/AiBeAb - BUMOTH 0 IHTOMHX TEIIAOBHTPAT
6yAMHKY B ITIAOMY, 2 TAKOK BCTAHOBAEHO AAbTEpHA-
TUBHUU NPHHIUI HPOEKTYBAHHS TEIIAOIZOASILINHOL
060AOHKH OyAUHKIB — HE TIABKH 32 IIOEA€MEHTHUMU
HOPMAaTHBHUMH BHMOTAMH, A€ i 32 IHTErParbHUMH
AOIYCTUMUMU TENAOBUTPAaTaMu GyAMHKY B IIAOMY.
Briepure Ha HOPMATHBHOMY PiBHI BCTAHOBACHO I10-
HATTSI €HeProePpeKTUBHOCTI 6y AHHKY Ta BBEJEHO KAQ-
cudiraniio 6y AMHKIB 32 TOKA3HUKOM €HEProederTHB-
HOCTI, IO JO3BOAHAO MEPEiTH HA SKICHO HOBHH pi-
BEHb KOMIIACKCHOIO OLIHIOBAHHS €HEPreTHYHHUX I10-
Ka3HHUKIB Oy JHHKIB.

Yupogosx 2008-2010 p.p. y po3BHTOK MeTOAUY-
HUX IOAOKEHb 3 €HEProePeKTUBHOCTI ByjiBeAn Oyr0
CTBOPEHO CHCTEMY HOPM Ta CTaHAAPTIB I3 peraaMeH-
Tanii BUMOT Ta METOAIB KOHTPOAIOBAHHS ITOKA3HUKIB
Ta KpUTEPiiB eHeproepeKTUBHOCTI.

Y 2012 - 2014 p.p. 34iiicHEHO TPOIIEC 13 TapMOHI-
3ariil HalllOHAABHOT'O HOPMATHBHOTO IIOAS 3 €BPOIIEH-
CbKHMH HOPMaMHU Y TaAy3l eHeproepeKTHBHOCTI Ta
IMIIA€MEHTAIII0 €BPOIEChKUX CTAaHAAPTIB y HaIlo-
HAABHY CHCTEMY HOPM Ta CTAaHAAPTIB.

Y 2015 -2017 p.p. po3modaTto MeTOAHYHUN Iepe-
Xi/ Ha apaMeTPHYHHI MeTO/ HOPMYBaHHS IIPHU IIPO-
eKTyBaHHI Oy/JiBeAb 3a IIOKa3HMKAMU €HeEproedek-
THUBHOCTI Ta MPOJOBKEHO IPOIleC rapMOHi3allii 3 Hop-
mamu €C.

3araabHy cucreMy HopM €C MOKHa pesCTaBUTH
cxeMolo Ha puc.l. B ocHOBY CTpyKTypH BU3HAYEHHS
IOKA3HUKIB €HeproepeKTUBHOCTI OyAiBAL IIOKAAJeH]
sumorn EN ISO 13790:2008 «Energy performance of
buildings

Calculation of energy use for space heating and
cooling (ISO 13790:2008)», EN 15217:2007 «Energy
performance of buildings - Methods for expressing
energy performance and for energy certification of
buildings» Ta EN 15603:2008 «Energy performance
of buildings - Overall energy use and definition of
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EHEProe@PEKTHEHICTE

2013
Crangapru na

Onasenns, BEHTHAAILA

1IHEEeHEepHHX CHCTEM

Td KOIAH [J;i.()l IVBANIA

ABH B.2.5-67

¥ CKARAL TPOeKTHOT JOKYMeHTanil ob' 6KTin

2010

2010

[Mpoekrypanna. Poaain «eneproedeKTHEHICTL»

XAPAKTEPHCTHE

AXHCT Bl HeDeIneunny reoAoriMuux Tpolecis,

ACTY B A.2.2-8
ACTY-HBE B.1.1-27

TEMAOTEXHIMHHX NOKATHHEKIBR TA EHEPreTHYHHX

CraniapTi Ha METOAH BHNpobyBank

Bl nossexl. Byvgireanna kaiMaTtoaorisa

2016

MIKLIAHBHX €KCIAYATAIIIHHY BILAHEBIR,

.

3

EMNAOBEd 13 L\ﬂuiil

OV JIBEAL

ABH B.2.6-31

T

feanekn OVIIBeALINX 00 €KTIR.

9]

CHOBHI BHMOTH 30 OV AIEeAL |

KOHOMIA cHepri

PO3paXYHREOBOIO ONIHKBAHHA

03PaXVYHEOBOIDO OIIHKBAHHA

KOHCTPYKTHBHI pilleHHs
TEMADIZOAALIT OV AIBEAL

cnopyv. E

Puc.4. Cucrema gepsxaBHUX 6yAIBEABHHX HOPM Ta HAIIIOHAABHHUX CTAaHJAAPTIB y cPepi eHeproePpeKTUBHOCTI 6YAIBEAD.

JHeTeMa aabeszneven g Ha liinocT ta

ABH B.1.2-11-2008

}.',1ilae.\.n.||i HOPMH Ta CTAN1ApTH HA

CrangapTi na METOAH

CrangapTi Ha METOAH

CHEPreTHYHAX NOKAIHHKIR

TEILAOTEXHIUHHY TOKAINHKIR

C

energy ratings». Ilpu 1pomy, 6yAiBAIO pO3TASIAAIOTDH
AK CKAQ/IHY IHKEHEPHY CHCTEMY 1 BUMOTH BCTAaHOBAIO-
I0Tb HH3KOIO B3AEMOIIOB’A3aHHMX CTaHAAPTIB (pHC.2).
A A4 xKoxkHOI 3 HigcucreM 6y/AiBAl BCTAHOBAIOIOTb BUMO-
T'H BIATIOBIZHO /O OKPEMHX CTamapTiB SIK 1e II0Ka3a-
HO, HAIIPUKAAJ, AN CUCTEM KOH,Z[I/ILIIOHYBdHHH (pnc 3).

Ieit MeTOAUYIHUI IPUHITHIT IIOKAQAEHO 1 Y BITYH3-
HSHY CHCTeMY HOPMYBaHHs BHMOI 3 €Heproedek-
TUBHOCTI 40 6yAiBeAb. OCHOBOIO € CHCTEMHI HOPMH
ABH B.2.6-31:2016 «Ternosa i3onsawisa 6yaiBeab» [6]
Ta AABH B.1.2-11-2008 «Cucrema 3abesrieuenss Ha-
AlifHoCTl Ta 6Gesnexku O6yaiBeAbHUX 00’€KTiB. OCHOBHI
BUMOTH /0 GyaiBeAb Ta criopyd. ExoHomis eneprii» [7]
(puc. 4).

ABH B.1.2-11-2008  [7] BCTaHOBAIOE OCHOBHI BH-
MOTH O €KOHOMII €HEPTii Ii4 Jac MPOEKTYBAHHS, 3Be-
ACHHS Ta €KCILAyaTaLii Oy4iBeAb, a TAaKOK POPMYAIOE
BUMOTH 4O HOPMATHBHUX JOKYMEHTIB yCIX HACTYITHUX
PiBHIB y Taaysi eHeprosbepexeHHs 6y/iBenb. Kpure-
PIEM €pEeKTHUBHOrO BUKOPHCTAHHA €HEPTil € KOMIIAEK-
CHHMI TIOKAa3HUK €HeproepeKTHBHOCTI OyAiBAl, AKHN
BCTAHOBAIOE TPAHMYHI ME’KI €HEeProCIOKUBAHHSA 1 BH-
KOPHCTOBYETBCS IIPH IIPOEKTYBaHHI, Oy AIBHUIITBI, 34a-
9i B €KCILAYaTaIlilo, 4 TAKOK Y HOAAABIIII €KCILAyaTarlil
3 YPaxyBaHHAM KAACy HOro eHeproepeKTHBHOCTI.

ABH B.2.6-31:2016 [6] € nepiuM y BITYM3HAHIN
[IPAKTUL HOPMATUBHUM JOKYMEHTOM, B SIKOMY Y IIOB-
HIM MIpl PEaAi30BaHO HMAPAMETPHIHHUN METOJ HOPMY-
BAHHS, SIKMHA BH3HAHUI CBITOBOIO CIILABHOTOIO OJHUM
13 HaWOIABII IIPOrPECUBHUX 1 HEPCIEKTHBHUX METOAIB
HOpPMyBaHHsA Y OyaiBHUITBL. MeTOAMYHOIO OCHOBOIO
MAPaMETPHUIHOTO METOJY HOPMYBAHHS € OPMyBaHHst
iepapxii Lineii | 3aBjaHb, BCTAHOBACHH;I BUMOT T KPH-
TepiiB, 110 BU3HAYAIOTH Ge3IEKy, PyHKIIOHANBHICTH Ta
SKICTb 00’€KTa HOPMYBAHHSI.

Metoauuna kounernisa ABH B.2.6-31:2016 [6] 110-
AATAE Y perAaMeHTantii 000B'AI3KOBUX BUMOT /0 TIOKa3-
HUKA eHeproegeKTUBHOCTI OyAIBEAb — ITUTOMOI €Hep-
rornorpebu, a HOPMATHBHI TEMAOIZOASAINHI XapakTe-
PUCTHKU €AEMEHTIB OYAIBEAD € MOXIZHIMU (PHC.D).

Exonomiuni eumozu
EP,, <E,.

Ran = Rq min

Puc.5 CxeMa MeTOIMYHOI KOHIIEMIIii POeKTyBaHH Oy/IiBerb 3a
TIOKa3HVIKaMI eHeproeeKTMBHOCTI.

Ae E — nuroma Ternonorpeba 6y4iBAl Ha OIAACHHS,
BEHTHUAAINIO, KOH/MIJIOHYBAaHHS Ta Tapside BO/OIOC-
TadaHHA, R - omip Teraonepesadl oropogaKyBarbHUX
KOHCTPYKIIIiL.

ABH B.2.6-31:2016 [6] € npakTHYHOIO peai3alii€io
sumor Jupextusu [2] mog0 MeTogoAorii oniHkn Oyi-
BEAb 32 KPUTEPLAMH €HeProepeKTHBHOCTI.

BuMorn mnpH IpPOEKTYBAHHI OCHOBHHUX IH/KEHEp-
HUX cucTeM Oy/AIBAl BCTAHOBAEHI HA CYYaCHHUX HPUHITU-
nax y ABH B.2.5-67:2013 «OmareHHs, BEHTUASALIS Ta
KOHAUIIOHYBaHHA>» [8]. B3a€MO3B A30K MikK IOAOKEH-
wavu /JIBH B.2.5-67:2013 [8] ta IBH B.2.6-31:2016
[6] 3A1liCHIOETLCA IPU BUSHAYEHHI KAACy eHeproedex-

HAYKA TA BYZIIBHULITBO 3(13)'2017




Tabnuysn 1. Bnaus 3ax00i6 i3 a8mMOMaMU3AULL IHICEHEPHUX CUCMEM HA KLAC
enepeoepexmusnocmi 6y0iens 3210no 3 sumozamu JCTY b A.2.2-8:2010 [9]

CrpykTypa HOpPM Ta CTaHjap-
TIB 3 perAnaMeHTauii BUMOr 10 eHep-
roe(peKTHBHOCTI 1H;KEHEPHUX CHC-

XapakTepHCTHRA Bapiantn gerasizanii

XAPAKTEPHCTHRH

edexTnrHOCT] OyaiBens

Kaace HepreTHYl 101

TeM Oy4iBeAb IpeJCTaBA€HA Ha

lSi,!C_\"l'II!-Z ABTOMATHYHE

PervalBanna

puc. 6. OCHOBHUM HPUHIMIIOM IIO-
6y0BH 11i€] HOPMATUBHOI TIAKH € TI0-

D

HenTpasLue ABTOMATHYHE

pervarBanna

D €JHAHHs BUMOTI 3 IIPOEKTYBAHH:A 3a

Miciese
PEI‘_\.\K)BJIIIU{ 1'(-_’})M()l)e["\.\JlT(IPEIM"

ABTOMATHYHE
Ha  ONAAKBANBHHX nprAagax
npuMimenna  abo
PervAKBanns

CACKTpOHHE

HALIOHANBHUMH HOPMATHBHUMHU aK-
TAMH T4 CHCTEMHUM €EBPOIEHCHKIM
goxkymentoM EN 15232:2007 «Energy
performance of buildings - Impact of

C 1a nuKue

Peryaopanns najxo Kenns

" . .\|icuene PETYAIOBATILA B
TEIMAOBOL €Hepri A0 NPpHMINIERH A - . ) . . -
NPHMUIIEHIT 3 KOMVHIRALIED MK

KOHNTpoAepaMu  Ta l(ell'l'l]il\];lll])‘)

CHCTEMOKY KOHTPOAID

Building Automation, Controls and
Building Management».
UunHHI HOPMATUBHI  JAOKyMEH-

B Ta nmkue

miciene ABTOMATHYHE
PervABanns 3 ypaxyvBanusam
(akTHunnx  norpeb  (arigno 3

npllcv‘nli(‘rm AK€l ¥

npuMimgenni,  AKicTO nosiTps,

TOWO)

TH HAa CUCTEMM BEHTHAALLL, KOHAU-
LIOHYBaHHA Ta TEIA03a0€3I1eYeH-
HsI IIpeAcTaBAeHi Ha puc.7, 8. OcHo-
BOIO IIOTO CEIMEHTY HOPMAaTHB-
HOI 0asdu € II0EJAHAHHSA TPaJULIiii-

A Ta HUKve

TUBHOCTI 6y4113/\1 3 ypaxyBaHHsAM SIK PIBHA TEIAOBOI 130-
AALHI, Tak 1 €pEeKTUBHOCTI IHAKEHEPHUX CHCTEM 3TiZHO 3
sumoramu JCTY b A.2.2-8:2010 «IIpoekrysanns. Pos-
AN «eHeProepeKTHBHICTb» Y CKAQ/L IIPOEKTHOI JOKYMEH-
Tamii 06’exTiB» [9].

MeToAn9HOIO OCHOBOIO BU3HAYCHHS KAa-
Cy €HEproepeKTUBHOCTI, fAKa 3aKAQJ€Ha Yy BHUMOIHU
ACTY b A.2.2-8:2010 [9], € Te, 1m0 HE3aAEKHO Bl,z[ piB-
HS TEIIAOIBOASALI OrOpPO/AKYBAABHHX KOHCTPYKIHH (Ha-
BITb IIpU OIIOPI TEIIAOLIEpeAAdl BABIYL GIABIIIOMY 3a HOp-
MATHBHUI) IIPH BiJCYTHOCTI aBTOMAaTUYHOTI'O PETYAIOBAH-
Hsl HA/XO/’KEHb TEILAOBOI eHepril 4o HnpumimieHs Oy is-
Asl HE MOKE MATH KAACY €HEProepeKTHBHOCTI GIABII HIK
D (1abA.1). TirnbKH 32 HAABHOCTI aBTOMAaTHYHOTO PETYAIO-
BAaHHs TEIAOTIOAAYl Bi/j npw\a,am OITANEHHST 3a663neqy—
€ThCsI KAAC eHeproepekTuBHOCTI C IIpH BIAIIOBIAHUX PiB-
HSTX TETIAOTEXHIYHUX TTOKA3HUKIB EAEMEHTIB TETIAOIZOAS-
LiitHOT 060AOHKH Oy AHHKIB.

HUX IIAXOZAIB JO HPOEKTYBAHHSA CHC-
TEM OIIAACHHS, BEHTHAALIl, KOHAWIIOHYBaHHA Oyai-
BEAb 3 NPUIHATHMH METOZaMU, IO OTPUMANH CBIH po3-
BUTOK y €BPONEHCHKIN 6a3i. B3aranl, HopMaTHBHUIL aKkT
ABH B.2.5-67:2013 [8] po3pobAsBCa JOCUTh TPUBAAHMIL
Yac 1 TiAbKH 3aBAsiku pobotam B. ITupkosa [10] 6yro go-
B€JEHO PO3POOAEHHSA IIbOTO JOKYMEHTY JO HAAEKHOIO
PIBHSL

Hopmarusui ~ BHMOrH, IO  BCTAHOBAEHI Y
JABH B.2.5-67:2013 [8], A€TaAl3ylOTbCSI BUMOIaMU Trap-
MoHi3oBaHuX crasgaptis: 4CTY B EN 12599:2006 [11],
ACTY B EN 13779:2011 [12],
JACTY B EN 15241:2015 [13],
ACTY B EN 15242:2015 [14].
ACTY B EN 15243:2015 [15],
ACTY b CEN/TR 14788:2015 [16].
ACTY B EN 15316-1:2011 [17].
ACTY B EN 15316-2-1:2011 [18].
JACTY B EN 15316-2-3:2011 [19].

ByaiseabHI HOpMH Ta
CTAHAAPTH 3
E€HEProePekKTHEHOCTI
IHAKEHEPHHX CHCTEM

ABH B.2.5-24:2012
EaexTpiuna KabeAnHa
CHCTEMA ONANCHHSA

CranaapTi HA CHCTEMH
BeHTHAALII Ta

ABbH B.2.5-64:2012
BuyTpimHiii

CranaaprTi Ha
CHCTEeMH

KOHAHIIIOHYBaHHA

BOAOIPOBLY T KaHAAIZAIA.

Yacruna L. [IpoekTyBanna.
Yacruna 11 E}",liBHHI.lTB()

ACTY b EN 15232:2011
EHeproedeKTHRHICTE
OyaiBeAh.

Briaue apToMaTH3ani,
MOHITOPHHTY Ta YIPABAIHH
OVAIBAAMH
S(EN 15232:2007, IDT)

TernAo3abesneueHHA

Puc.6. Yunni Aep;xaBm 6y41BeJ\LH1 HOpMH Ta HaL[lOHa]\I)Hl CTaHAAapTH 3 eHepI‘OC(I)CI(TI/IBHOCTl

1H>K€HCpHI/IX CUCTEM 6YA1BC./\I)
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CrangapTi Ha cHCTEMH

BEHTHAALII Ta KOHANIIOHYBAaHHSA

ACTY b EN 12599:2006 Cucremu BeHTHASALIT Ta KOHAUIIOHYBAHHSA
nosiTpsa. [1poneaypu BuipoOyBaHHs Ta METOAM BUMIPIOBAHHSA ITi/ 4aC 34ABAHHA B
€KCIIAYaTAIlil0 CHCTeM BEHTHUAALIT Ta KOHAHI[IOHYBAHHA TOBITPS
(EN 12599:2000, IDT)

ACTY B EN 13779:2011 Benruasinis rpoMajcbkux 6ygiseas. Bumornu g0
BUKOHAHHS CHCTEM BEHTUAALIl Ta KOHAUITIOHYBAHHSA TOBITPSA
(EN 13779:2007, IDT)

ACTY B EN 15241:2015 Bentuasnia Oysiseab. MeTogu po3paxyHKy

€HEPIroBUTPAT IIPU BEHTUAALIL Ta IHPIABTpaLii HOBITPs y OyAiBAAX
(EN 15241:2007, IDT + EN 15241:2007/AC:2011, IDT)

JACTY B EN 15242:2015 Bentuasuia 6ygiBens. Po3paxyHkosi merogn

BU3HAYCHHS BUTPAT MOBITPsI HA BEHTHAALIIO GYAIBEAb 3 yPAXYBAHHSM
ingirpTpanii (EN 15242:2007, IDT)

ACTY B EN 15243:2015 Bentuasuisa 6ygiBean. PozpaxyHok
TEMIIEPATYPH NPHUMIIIECHb TA METOAN BH3HAYEHHs HABAHTAKEHD 1 eHepronorped

aast 6yaiBeab 3 cucreMamu Kougunionysanus nositpsa (EN 15243:2007, IDT)

ACTY b CEN/TR 14788:2015 Bentunsuia 6yaisens. [Ipoexrysanms ta
BU3HAYEHHA XaPAKTEPHCTHK CHCTEM BEHTHAALII JKHTAOBHX Oy AMHKIB
(CEN/TR 14788:2006, IDT)

Puc.7. YunHI HAIIOHAABHI CTAHAAPTU 3 IPOEKTYBAHHSA Ta OLIHKH CUCTEM BEHTHASAII Ta KOHAUI[IOHYBAHHS.

CramaapTi Ha CHCTEMH Tenmao3alfesnmeueHusn

ACTY-H B B.2.5-62:2012 Hacranosa 3 NPOEKTYBANNA Ta MOHTLKY CHCTEM
OITAACHHA 13 3ACTOCYBAHNAM CTAACBHX NAaHeALHHX PajlaTopis
ACTY B EN 15316-1:2011 Cucremn tenaosabeznedenna Gyaisean. Metoanka
POIPANVHEY eHepronoTpetn ta eneproepekTHBHOCT] CHCTEMH,
Uacrnma 1. 3araaent nososenna (EN 15316-1:2007, IDT)

ACTY B EN 15316-2-1:2011 Cucremn tenrosabeanevenna Ovaisean. Metoanka
POAPAXVHEY €HepPronoTpetn Ta eHeproeek THRHOCT] CHOTEMH.,

Yacruna 2-1. Tenrosigaua cucremon onarernns (EN 15316-2-1:2007, 1DT)

ACTY B EN 15316-2-3:2011 Cucremn tenrosabeanevenna Gyvaisean. Mertoanka
POIpPaxvHEY €eHepronoTpetn Ta eHeproepekTHRHOCT] CHCTeMH.

Hacruna 2-3. Tenaopoanolirenns B cucreMl olnarenns
(EN 153316-2-3:2007. 1DT)

Puc.8. HanjionaAbHI CTaHZApTH 3 MPOEKTYBAHHA Ta OL[IHKH CUCTEM TenAo3abesrnedenHs.
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CrangapTu HAa METOAH
PO3PaXyYHKOBOIO OIIHIOBAHHA

TEIAOTEXHIYHUX NOKA3HUKIB OK

|

ACTY-H B B.2.6-190:2013 Hacranopa 3 po3paxyHKOBOI OI[iIHKH
MOKA3HHUKIB TETIAOCTIHKOCTI Ta TEMIAO3ACBOEHH A OTOPO/KYBAABHUX KOHCTPYKITIH

|

ACTY-H b B.2.6-192:2013 Hacranosa 3 po3paxyHKOBOI OLLIHKH
TEMAOBOAOTICHOT'O CTAHY OTOPOAKYBAABHMX KOHCTPYKIIiH

ACTY-H B B.2.6-191:2013 Hacranopa 3 po3paxyHKOBOI OL[iHKH
MTOBITPOIPOHUKHOCTI OTOPO/KYBANBHUX KOHCTPYKINIi

ACTY b B.2.6-189:2013 MeTtoau Bu6OPY TEIAOIZOAALIIHHOIO MaTEPiany
AASL yTenaeHHs 6yJiBeAb

Puc.9. Cxema HOPpMaTHBHHUX AOKYMCHTIB 3 BUSHAYECHHA MCTOAIB pOBanYHKy TEIMAOTEXHIYHUX IMOKA3HUKIB
OTOPOAKYBAANBHHUX KOHCprKL[lI/I

ITapameTpuyHuii METO/, 1O IOKAAJAEHUH B OCHOBY
JABH B.2.6-31:2016 [6], 06yMOBAIOE PO3KPHTTSA IOAO-
JKEHb METOZHYHOrO 3MICTY, 1[0 BU3HAYAIOTb aATOPUTMH
Ta METOAMKH OL[HIOBAHHSA KPHUTEPiiB NPUAATHOCTI, Y J0-
KyMEHTAX HU/KYOro piBHsA, TOOTO y CTaHAapTax Ta HACTa-
HoBax. Bumorn /BH B.2.6-31 me y Bepcii 2006 p. Bcra-
HOBAIOBAAHM IIOEAEMEHTHHM METOJ, KOAU IIPOEKTyBaHH:A
3/ICHIOETHCA 13 3a0e3IeueHHss BUMOT /A0 TEAOTEXHIU-
HHUX HNOKA3HUKIB EAEMEHTIB TEIIAOIBOAALINHOI OO0OAOHKU
6yAiBeAb, Ta IHTETPAABHUN METOJ, KOAH IIPOEKTyBaHHA
TEIIAOIZOAALINHOI OOGOAOHKHA BUKOHYBAAOCH 3riAHO BH-
MOT' 4O IIUTOMHX TEIIAOBTPAT 6ymBA1 B IIIAOMY. Leit me-
TOAUIHUI IPHHITHIT 36epeKeHHit 1 HOBOMY ITOKOAIHHIO
uux Hopm sepcii 2016p. Ha puc.9 npeacrasaeno nepe-
AIK cra}mapnB AKl BUBHAYAIOTb METOAUKU pospaxyHiky
TEILNOTEXHIYHHUX IIOKA3HHUKIB OrOPOKYBANBHUN KOHC-
TPYKIHIL.

B ocnosy JACTY-H b B.2.6-190:2013 «Hacranosa 3
PO3PaxyHKOBOI OLIIHKH ITOKA3HUKIB TEILAOCTIHKOCTI T Te-
TIAO3ACBOGHHST OTOPOAKYBANLHUX KOHCprKHII/I» [20] 10-
KAQJCHI MOAOKEHHSI TEOPIl TEILAOCTIHKOCTI OrOpOAKY-
BaABHHX KOHCTPYKLII IIPH TEIIAOBUX ITOTOKAX 3 XapaKTe-
POM 3MIHH SKHX, ¢(X, 2), Y 9aci z 1 B IPOCTOPI X, y BUTASIAL

—q(x,z) = /1%2 /11//(C1shl//x+ C2cht//x)e‘"/’
X

S\i (Cishy x + C,chy x) eV 3)

3 BUKOPHCTAHHAM y PIBHSAHHI (3) KAIOYOBOT'O HIOHATTS Te-
opii rertnocrifikocri [21-23]:
2repd .
PNi=si

p) p) i2rcp
Iz
ae S - Koeil[ieHT TEMAO3aCBOEHHS MaTepiany — Imapy,
SAKUN 3aA€KHUTD BiJ TEHAOPIBUYHUX XAPAKTEPUCTHK Ma-
Tepiany A 1¢p, 1 1epiogy KOAUBaHHA Z.

IIpu 3HAYECHHAX ONOPY TEIAOIEepeJadl OrOpOgKY-
BAABHHMX KOHCTPYKIHiil Bume 2,5 M°K/BT nokasHux re-
IIAOCTIHKOCTI 3a6€31eYyEThCA 3aBAKAU, TOMY JAAA HEIPO-
30pHX 3O0BHIIIHIX OTOPO/MKEHb KUTAOBHX Ta I'POMA/]-
CBKUX 6y,£[iBeAb 1lell NOKa3HMK He € KpUTUYHUM. B TOl
ke vac, Bumoru /IbH B.2.6-31 posnoBciog:KyioThes 1 Ha

6y A1BAL IIPOMHCAOBOTO IIPU3HAYEHHS, AS SAKHX HE ICHYE
HOPMATHBHOI'O 3HAYEHHSI [TOKA3HUKA IIHTOMOI €HEeProIIo-
TpebH, are MOEAEMEHTHI BUMOTH BCTAHOBAEHI 1 OAHIEIO 3
L[UX BHMOT € TEIIAOCTIHKICTb.

Y sopMmarusHoMy gokymenti JCTY-H B B.2.6-192:2013
«HacranoBa 3 po3paxyHKOBOI OI[IHKH TEIIAOBOAOTICHOTO
CTaHy OTOPO/KYBAABHUX KOHcrpyKuiﬁ» 3aCTOCOBYETHCS
MaTeMaTHYHA MOJEAD, B SIKiil IOTEHIaA IepeHocy Mac
HPHIHATO NMAPLIAABHUH THCK BOASHOI IApU 1 IOTOKH
MACH IIPU IIbOMY BU3HAYAIOTH 32 (POPMYAOIO:

J, =—u(e,0)] %, ()
on

Ae ¢ — napUiaAbHUI THCK BOASIHOL IAPH, i~ TAPOTIPOHUK-
HICTb, 7 — TEMIIEPATypA.

Po3paxyHK# BOAOTICHOrO pe:RnMy KOHCTPYKIjiH 1po-
BOAATBCA, SIK AAs 1EPIOAY BOAOTOHAKONMYEHHS, TaK |
JASL TIePIoJy BOAOTOBIAAYi 3 BUSHAYCHHAM PIYHOrO Oa-
AQHCY BOAOTH Y TOBIII KOHCTPYKIIIi.

3 TOYKH 30pPy eHepPro3depe;KeHHs MOBITPOIIPOHUK-
HICTb € HETAaTUBHHM TEIIAOBUM (PAKTOPOM, IIO BHMa-
rac OOMEKEHb MOKAHBOCTI IIPOHHUKHEHHSI — XOAOJHO-
IO 30BHINIHBOIO IOBITPS KPI3b E€AEMEHTH OTOPOJKY-
BAABHHX KOHCTPYKIIi. Po3paxyHku nosirponpoHuKkHOC-
Ti OTOPO/AKYBAABHUX KOHCTPYKIIIH 3/1HCHIOIOTH 3TiAHO 3
ACTY-H b B.2.6-191:2013 «Hacranosa 3 po3paxyHKo-
BOI OLIIHKH HOBITPOIIPOHUKHOCTI OFOPOAKYBAABHHUX KOH-
CTPYKIIM»>.

OcoOAHBOCTI IPOBEACHHS PO3PAXYHKIB TepMiq—
HO HEOJHOPIZHUX OTOPO/KYBAABHHX KOHCprKHlI/I Ta
BU3HAYCHHs HEOOXIZHOI TOBIIMHU TEHAOIBOAAIIHO-
ro MaTepiany Ha MigCTaBl OLIHKU IPUBEAEHOrO OIO-
Py TemaomepeAadi 3 BUKOPHCTAHHSAM 3HAYCHb AIHIN-
HUX Ta TOYKOBUX OIIOPiB TEILAOIIEpeAadl THIIOBUX Te-
IIAOIIPOBIAHUX BKAIOYEHb PETAAMEHTYETHCSI BUMOTaMH
ACTY B B.2.6-189:2013 «Merogu Bubopy Tennoiso-
AALIHHOrO MaTepiany AAs yTEIACHHs Gy AIBeAD>.

CxeMa CTaHAApTIB, SIKI PO3KPHUBAIOTH ITOAOKCHHSI
ABH B.2.6-31:2016 [6] m040 BU3HAYEHHSI MOKA3HUKIB
eHeproepeKTUBHOCTI 6y iBeAb, HaBeJeHa Ha puc.10.

Eneprernuna epeKTHBHICTb OyAIBAL — 1€ BAACTHBICTD
6yAiBAlL, Tl KOHCTPYKTUBHHMX EAEMEHTIB Ta 1HKEHEPHO-
ro obAagHaHHA 3abe3ledyBaTd IIPOTATOM OYIKyBaHO-
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CramiapTi 1a METOAH Ppo3paXxyHKOBOI0 OUMIHIOBAHHA eHEPreTHYHNX NOKaInNKIE Gy liBess

ACTY B A.2.2-8:2010 lNpoextysannsa. Pozgia ceneproee KTHBHICTE» V CKALIL TPOEKTHOT
AoKyMenTanli of eKTIs

ACTY b B.2.2-39:2016 MeTtoau Ta eTanu NposeAenia eHepreTHYHoro avauTy Hyliseas

I

ACTY B EN ISO 7730:2011 Epronosika TEMAOBOTO CepeA0BHIlA. AHAANTHYNE BHIHAYEHHA
Ta INTepnpeTalisa TENAOBOTO KOMPOPTY Ha 0CHOBL podpaxvikis nokasuukis PMV 1 PPD

KPHTEPITE AOKAABHOIO TEILAOBOIO KOMPOPTY
(EN ISO 7730:2005. 1DT)

ACTY B EN 15251:2011 PoapaxyHKoBl NapaMeTpH MIKPOKAIMATY NPHMINIENE IAH
NPOEKTYBANNA Ta OLHKH eHepreTHUYNNX XaPakTepHcTHR DV AIBeAL 110 BLAHOMENHID 10
AKOCT] HOBITP S, TENAOBOIO KOMPOPTY, ocsiTrenns Ta akverukn (EN 15251:2007, 1DT)

ACTY B EN IS0 13790:2011 Enepremnuna edektHsnicTs Oviisean. Poapaxynok
EHEProCHOANBANNA Ha onarennd Ta oxoaolkenns (EN ISO 13790:2008, IDT)

ACTY B EN 15603:2013 Enepretnuna eekTHEHICTE DyAleAn. 3arasnue
eHEProcIeRHBANNA Ta nposejennd enepreruyanoi oninkn (EN 15603:2008, 1DT)

ACTY B EN 15217:2013 Eneprernuna edextusnicrs 6yaisers. Metoan npeacrassenns
EHEPreTHYNHX XapakTePHCTHE Ta eHepreTnynol cepTHikanii Gy lisean
(EN 15217:2007, IDT)

ACTY B A.2.2.12:2015 Eneprernuna eermnauicts Gyaisean. Metoa pospaxyuky
EHEProcOANBANIA ITPH OMAACHHI, OXOAQKEHN], BEHTHAALIL, OCBITAEHHI TA FapAuOMY
BOAONOCTAYAI ]

ACTY-H B A.2.2-13:2015 Enepreruuna edextusnictn byaisess. Hactanosa 3 nposeenns
eHepreTHUHOl OIIHKN GV iBeAn

Puc.10. Cxema YMHHUX HAITIOHAABHUX CTaHAAPTIB 13 pO3PaXyHKOBOI OIIHKH ITOKA3HHUKIB
€HeproePeKTUBHOCTI OyAiBEAb.

IO JKUTTEBOTO ITUKAY 6yAiBAl T0OYTOBI TOTPEGH ATOAUHI
Ta ONTHMAAbHI MIKPOKAIMATHYHI YMOBH JAS il nepe6y-
BaHHsA Ta/a00 IPOKUBAHHSA y IPUMIIIEHHAX TaKol 6yiB-
Al IIPH HOPMATHUBHO /OITYCTUMOMY (OHITHMAABHOMY) piB-
HI BUTPAT €HEPreTHYHUX PECypCiB HA KOHAMLIOHYBAHHS
(OIIANCHHSI, OXOAOAKEHHS) IOBITPSI, rapside BOAOIOCTA-
YaHHSI.

MeTtoguKr  BU3HAYEHHsI  3HAYEHb  OUTHMAND-
HUX IIapaMeTpiB  MIKPOKAIMATy  BCTAHOBAEHI Y
JACTY b EN ISO 7730:2011 «EproHoMika TeIAOBO-
ro CepesoBHIA. AHaAiTHYHE BU3HAYEHHA Ta IHTEp-
TIpeTanisi TEMAOBOr0 KOMQOPTY Ha OCHOBI PO3paxyH-
KiB mokasHukis PMV i PPD i xpurepiiB AOKaAbHOTO
terrnoBoro kompopry (EN ISO 7730:2005, IDT)» Ta
ACTY B EN 15251:2011 «Pospaxynkosi mapamerpu
MIKPOKAIMATY IIPUMIIECHD JASL IPOCKTYBAHHS Ta OIIH-
KH €HEPreTHYHHX XapakTepucruk OyjiBeAb 1o Big-
HOILEHHIO JO SIKOCTI IOBITPSI, TEIAOBOrO KOMQOPTY,
ocBiTAenHs Ta akycruku (EN 15251:2007, IDT)».

CucreMHI MDKHAPOAHI Ta EBPOIEHCHKI CTAHAAPTU
EN ISO 13790:2008, EN 15217:2007 ta EN 15603:2008
HPHIHATI B YKpaiHi AK rApMOHI30BaHI I€HTHYHI CTaHap-
. ACTY b EN ISO 13790:2011 «Eneprerndna epex-

TUBHICTb OyJiBeAb. Po3paxyHOK eHeprocrnoKuBaHHA Ha
omanennsa Ta oxoroaxenus (EN ISO 13790:2008, IDT)»,
ACTY b EN 15217:2013 «Eneprerndna e(peKTHBHICTb
6yaiBeab. MeTogu IIpe/JCTaBA€HHA E€HEPreTHYHHX Xa-
PAKTEPUCTUK Ta €HEPreTUYHOi cepTudikaiii OyJiBeAb
(EN 15217:2007, IDT)» ta ACTY B EN 15603:2013
«Eneprernuna epeKkTUBHICTL Oy/iBEAb. 3aranbHe €Hep-
FOCIIOKHBAHHA Ta IIPOBEACHHSA EHEPreTHYHOI OLIHKU
(EN 15603:2008, IDT)» npuiiHATi Y ABOMOBHOMY (Op-
Mati. OCOOAHBOCTAM METOAUYHHX IIOAOKEHb Ta IpakK-
THYHOTO 3aCTOCYBAHHS LIX CTaH/APTIB IIAAHYETCA HIPHU-
CBSITUTH KIAbKA OKpemMux nyOAikaniii, ge 6ygyrs pos-
rAHHyn METOJOAOTISI 1OOYZ0BH  HAIJIOHANBHHX CTaH-
aapris ICTY B A.2.2-12:2015 «Enepretnuna eQeKTus-
HICTb 6y41136]\b Metog PO3paxyHKy €HepProCIOKIBAHHS
IIPU OIIAAEHHI, OXOJ\O,ZI,)KCHHI BEHTHASALL, OCBITA€HHI Ta
rapsiaoMy Bogonoctadansi», JCTY-H b A.2.2-13:2015
«Eneprernuna edexrusHicts OygiBeAp. Hacranosa 3
IIPOBE/JEHHA €HEPTeTUYHOI OLIHKU OyJiBEAb», a TAKOK
ACTY b B.2.2-39:2016 «<MeTogu Ta €Tarnu npoBejeHHs
€HEepPreTHYHOTO ayAuTy OyAiBEeAb».

BUCHOBKH

Hanjionaarbna HopmarusHa 6a3a y ranysi eHeproedex-
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THBHOCTI 6yAiBEADb TIOBHICTIO BIAIIOBIAAE 3a CBOEIO CTPYK-
TYPOIO Ta METOAMYHOIO 1100y 0BOIO EBPOIEHCHKUM IIPHUH-
LUIIaM HOPMYBAHHA Ta OLIHKH €HeproepeKTuBHOCTI Oy-
AiBeAb. 3a6e311e4€HO €BOAIOIIMHAN PO3BHTOK CHCTEMH
IPOEKTYBAHHSA 3 YPAXYBAHHAM fAK TPAJULIHHIX METOAIB
Ta MiAXOAIB 40 IIPOCKTYBAaHHS OyIBEAB, TAK 1 3aCTOCYBaH-
Hsl CyJaCHHX I1€PE/JOBHX METO/IB OIIIHKH 1 3a0e31edeH s
HOKA3HHUKIB €HEProe(peKTUBHOCTI.

ITapaMeTpudHUI METO4 HOPMYBAHHS BIIPOBAJXKYE Y
IIPAKTHKY pOOIT BITYIU3HAHUX (PaxiBIIIB IHYYKI METOAH IIPO-
€KTYBAHHs1, IO JO3BOASIE OIITHMI3YBATU TEXHIYHI PIILICHHs
6yAiBeAb 3a IIOKA3HUKAMU IX €HEProepEeKTUBHOCTIL.

Hacrynanm eTanom po3suTKy HOpMAaTHBHO 6asu 10-
BUHHO OyTH pO3pOOAEHHSA METOAIB Ta IIPOLeAYp eHepre-
THYHOIO MapKyBaHH:. [Ipu IbOMy, EHEPTETHIHOMY Map-
KyBaHHIO IIOBUHHI n],zu\;{rarn OyAIBAL B uU\OMy 1 OCHOBHI
eAeMEHTH IHX OyJAiBeAb, Kl BU3HAYAIOTH 1X €HepreTud-
Hi XaPAKTEPHUCTUKH. Tirbku pu TAKOMY KOMIIACKCHOMY
HIAXO0/1 MOKAHBO OTPUMATH 3Haqy1u1 PE3YABTATH 3 €HEp-
ro36epesKeHH:A 1P €KCIIAYaTariii 6y AiBeAb.
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METOOAOI'TA PO3PAXYHRY 3AAISOBETOHHMX
EAEMEHTIB 3A AE®POPMAIIIITHO-CUAOBOIO MO/EAAIO

AHOTADIA. IlpeacraBA€HO HAHBaKAUBIIIL ITOAOKEH-
Hf y3araAbHEHOI METOJOAOTIl PO3PaxXyHKy HOPMaAb-
HUX IIEPEPI3iB 3aAI300€TOHHUX €AE€MEHTIB 3a I'PAaHUYHU-
MH CTaHaMH, PO3poOAEHOI 3a AedpopMaliifHO-CHAOBOIO
MO/IEAAIO, B OCHOBY fKOI 3aKAQ/J€HO JlarpaMy CTaHy eAe-
MEHTa «MOMEHT-KPHBHHA». BHKopHCcTaHHA 3a3HAYeHOI
AlarpamM# y po3paxyHKax 3abe3Iedye IHTerparbHY OLIHKY
HAIPYKEHO-4ePOPMOBAHOIOCTAHY HOPMAABHUXTIEPEPI3IB
3a rifnoTe3010, Mo GYHKIIIOHAABHO ITOEAHYE CHAOBI (PAKTO-
pu 3 gepopMamiifHUMU ITapaMeTpaMH 3aBAHTAKEHOTO
3aAi300€TOHHOTO ereMenTa. B pesyabTati 1iboro cucremy
CTATUYHUX, TEOMETPUYHUX Ta (PISHYHUX CHIBBIZHOIIEHD,
AKAMH BHU3HAYAETLCA HAIPYKEHO-4ePOPMOBAHHH CTaH
3aAI300€TOHHOTO E€AEeMEHTA, JOIIOBHEHO JOJATKOBUMU
AQHANITHYHUMH 3aAeskHOCTAMH. LI 3aneskHOCTI cripms-
I0Tb PO3KPHTTIO BHYTPIIIHBOI CTATUYHOI HEBU3HAYEHOCTI
nepepisiB  3ani300€TOHHHUX EAEMEHTIB, 3abe3NedyioTh
METOZOAOTTUHY €JHICTh iX PO3PAxXYHKIB 32 I'DAaHMYHU-
MM CTaHAMH 3 YHHUKHEHHSIM YHCACHHUX ITepauiiiHux
orrepaniii npu nboMy. O6GIpyHTOBAHO 3 (PISUYHOI TOUKU
30py IPOIO3HLII OO0 3aCTOCYBAHHA KPHUTEpIiB BUUEp-
MIAHHA HeCyJol 34aTHOCTI 3aAI300€TOHHUX €A€MEHTIB.
YiTKO OKpecA€HO (YHKIIIOHANBHHI 3B'A30K Jiarpam
AepopmyBaHHsa MaTepianis (6eToHy Ta apmarypu) 3
AlarpaMaMH CTaHy 3aAi300€TOHHHUX EAEMEHTIB IpH iX
PO3paxyHKax 3a HECY4OI0 3JaTHICTIO, IPOTHHAMH Ta
TpimuHOCTIHKICTIO. CHOPMYABOBAHO HAHBAKAHBIIII TIOAO-
JKEHHA Teopii iX TPIMIMHOCTIMKOCTI, IO METOJOAOTIYHO
o6rpyHTOBaHI 3 (PISUYHOI TOYKH 30Py Ta MAKCHMAABHO
no3basAeHl emmipusaMmy. Po3pobaeHO MeTOZOAOTIIO PO3-
PaxyHKy LIMPUHH PO3KPHTITS HOPMAABHHX TPIIJHH 1
BiACTaHI MK HUMH 3 YPaxyBaHHAM HE TIABKH 3UETIACHHSA
apMarypu 3 6ETOHOM, aAe i 3MIHM HAITPYKEHb Y3/0BK OCL
apMaTypu. 3aBASAKH YHIBEPCAABHIN 3aAEKHOCTI «MOMEHT-
KpUBHMHA» OTPHUMAHO 3aMKHYTI pIIIEHHA MIOJ0 BHU3HA-
YEeHHsI KPUBUHH Ta PO3PAXYHKy AepopMariiil (IIpOruHiB)
3aAI300ETOHHUX €AE€MEHTIB PISHUMH METOJOAOTLAMH, B
TOMY YHCAl 1 EHEPTETUIHHMH.

KAIOUOBI CAOBA: 3anizoberoH, ereMeHTH, jAia-
rpaMa CTaHy, pO3paxyHOK, METOZOAOTI1s
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DEFORMATION-POWER MODEL
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ABSTRACT. The major provisions of the generalized
methodology for calculating the normal cross sections
of reinforced concrete elements over limiting states are
presented. It is developed on the deformation-force
model, which is based on the element state diagram
"moment-curvature”. The usage of this diagram in the
calculations provides an integral evaluation of the stress-
strain state of the normal cross sections by the hypothesis
that functionally combines the force factors with the
deformation parameters of the loaded reinforced concrete
element. As a result, the system of static, geometric
and physical relationships describing the stress-strain
state of the reinforced concrete element is expanded by
additional analytic dependencies. These dependencies
facilitate the disclosure of the internal static uncertainty of
the reinforced concrete elements cross sections, ensure the
methodological unity of their calculations on the limiting
states and allow avoiding numerous iterative operations
in this case. The proposals for the application of the
bearing strength exhaustion criteria of reinforced concrete
elements are substantiated from the physical point of view.
The functional connection of the material deformation
diagrams (concrete and reinforcement) with the state
diagrams of reinforced concrete elements in their
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calculations for the bearing strength, deflection and crack
resistance is clearly outlined. The major provisions of
the elements fracture toughness theory are substantiated
methodologically and maximally rid of empiricism. A
methodology technique for calculating the width of the
opening of normal cracks and the distance between them
is developed taking into account not only the adhesion of
the reinforcement to the concrete, but also the changes
in stress along the axis of the reinforcement. Due to
the universal dependence "moment-curvature” closed
solutions for determining the curvature and calculating
the deformations (deflections) of reinforced concrete
elements by various methodologies, including energy
ones, are obtained.

KEY WORDS: reinforced concrete, elements, state diagram,
calculation, methodology

IIOCTAHOBEKA ITPOBAEMM. Mertog0A0-
rid pO3paxyHKy 3ani300€TOHHHX €AEMEHTIB 3aB-
AKAU PpO3BHBAAACA IIEPEBAKHO Yy HANPAMKY, J€
TOYHICTh BIJTBOPEHHA IX PEAABHOrO HAIIPYKEHO-
AepopMoBaHOTo cTany 6yAa IpiopUTETHOO. 3 PO3-
BHUTKOM KOMIT JOTEPHUX TEXHOAOTIHl NHUTAaHHAM I1H-
KEHEpPHOI peanisalnii MeToJiB pO3paxyHKy 3a3Hade-
HHX €AE€MEHTIB CTAAU HaJaBaTH JEIl0 MEHIIE YBarH.
I cborogHi BKe MOKHA KOHCTATyBaTH, IO 1HAKEHEPHI
PO3paxyHKH 3aAi300€TOHHUX €AE€MEHTIB 3a ICHYIOUH-
MU METOJAMH, 3aCHOBAaHUMH Ha JepopMaliifHUX MO-
AEASX, BHKOHATH 9acTo 6yBa€ IpobAeMaTHIHO.

Y IboMy 3B’A3KY CTaBHTBCHA 4O BI/IpiH_IeHHH npo6-
AeMa po3pOoOKH 3araAbHOI METOAOAOTIT Ppospaxymky
3aAI300€TOHHUX €AE€MEHTIB Ha OCHOBI TIIOTE3H, IO
IIOEAHYE CHAOBI pakTopu 3 gedpopManiiiHuMu mapa-
MEeTpaMH 3aBAHTAKEHOTO 3aAI300€TOHHOTO €AE€MEH-
Ta, 3a0€3MeYyl09d TUM CaAMHUM IHTErPaAbHY OIIIHKY
HaIpy:KeHo-4epopMOBAHOTO CTAaHY ioro nmepepisy. B
OCHOBY 3a3Ha4€HOI METOJOAOTII 3aKAQ4AI0ThCA MO/e-
Al, TIIOTE3H Ta IE€PEAYMOBH, IIIO JO3BOAAIOTH BiJTBO-
pIoBaTH peaAbHHIH Halpy:KeHO-AePOPMOBAHHI CTaH
3aAI300€TOHHUX EAEMEHTIB 3 PO3KPUTTAM iX BHYT-
PIIIHBOI CTATHYHOI HEBU3HAYEHOCTI TpH 3abe3IeueH-
HI METOZOAOTIYHOI €4HOCTI BCIX PO3paxyHKIB 32 rpa-
HUYHUMU CTAHAMH.

AHAAI3 OCTAHHIX JOCAIZXKEHBb 1
HYBAIKAHIfl. OAHUM 13 OCHOBHHUX IHUTAHb, [0 J40-
BOAUTLCSI BUPINIYBATH HPH Po3pobIii 4yu BAOCKOHA-
A€HHI 3aTaABHHX METOJIB PO3PAXYHKY 3aAi306€TOH-
HHUX €AEMEHTIB, IPOJOBKYE 3AAUIIATUCA CIIOCI6 Po3-
KPHUTTA iX BHYTPINIHBOI CTATHYHOI HEBU3HAYEHOCTI.

B MeTozax, 3aCHOBAHUX HA CHAOBHUX MO/EASX, 3a3-
HadeHa npobaema JAAA 3aAi306€TOHHHX €AE€MEHTIB B
cTajii iX rpaHuIHOI plBHOBaI‘I/I BPIle_IyBa/\aCH 3a J0-
IIOMOTOIO0 YMOBHOTO <«IIAPHIPY IAQCTHYHOCTI» 3 ijge-
aAI30BaHOIO NPAMOKYTHOIO €MIOPOI0 HAIPYKEHb B
crucHyToMy 6etoHi [1-3], a AAA TPOMIKHHUX €KCIIAYa-
TamifiHUX CcTagili BoHA He norpebyBara BHpIIIEHHA,

OCKIABKH PO3PaXyHKH 3a I'PAHHYHUMH CTaHAMU JPY-
roi rpynu HabyAH IIOBHOI aBTOHOMHOCTI Ta CTAAH BH-
KOHYBATHCS HA OCHOBI eMITIDHYHHUX 3aA€KHOCTeH 6e3
3aAy4YEHHA TilTOTE3U IIAOCKUX nepepisis. IleBHOIO Mi-
poIo BCeE 1€ BIAZAAMAO 3araAbHY TEOPilo 3aAaizoberto-
HY BiJ MeTOo4iB Oy4iBEABHOI MEXaHIKH.

CydgacHi METOAM PO3PAXYHKY 3aAi300€TOHHUX eAe-
MEHTIB 3a gepopmManiinumu Mogersamu [4-10] mosep-
HYAHCA HE TIABKH 40 BUKOPHCTaHHS TiIIOTE3H IIAOC-
KHX IIepepisis, are it 4o 3aMiHH ig€ani3oBaHOl IpAMO-
KYTHOI €IIIOpH HaIIPYK€Hb CTHCHYTOTO OE€TOHY peanb-
HOIO KPHBOAIHItHOIO. Besnepedyno, mo npuiiATi 1ne-
PEAYMOBH JAO3BOAAIOTH HE TIABKH OIABII TOYHO BiJA-
TBOPIOBATH pEaAbHHIl HAIpPYyKeHO-4ePOpPMOBAHUIA
CTa" 3aAi306eToHHUX eAeMeHTiB Ha Oyab-sKiil cTa-
6AMKEHHIO CydacHOI Teopu 6eTony Ta 3anizobeTony
A0 3aTaAbHUX METOZIB ONOpPY MaTepiaAiB i 6yjiBean-
HOl MexaHiku. OgHaK y IepeBakHiil GIABIIOCTI po3-
pobaeni «gepopmaniifHi»> METOAH 3AAHUIIAIOTHCA JO-
BOAL CKAQJHHUMH, OCKIABKH NOTPeOyIOTh BUKOHAHHA
YHUCEABHHX ITepaliiHUX pO3paxyHKIB. 3a Takux 06-
CcTaBHH X peanisanisa 6e3 crIeniaAbHOTO IPOTrPaMHO-
ro 3abe3nedeHHsA CTa€ NPOOAEMATHIHOIO.

B mpobGaeMi pO3KPUTTA BHYTPIIIHBOI CTATHYHOI
HEBU3HAYEHOCTI IIE€pEPi3y €AEMEHTIB 3aMiHa igeani-
30BaHOI NPAMOKYTHOI €MIOPU HAIPYKEHb HA PEaAb-
HY KPHBOAIHINHY, Y TOE€AHAHHI 3 TIIIOTE30I0 IAOCKHUX
nepepisis, Moraa 6 OyTH NOBHOIIIHHOIO AHIIE 324 Bi-
AOMHX 3HAY€Hb I'PAHHYHUX JgedopMamiil CTHCHYTO-
ro 6erony. Ha xanp xogHa 3 gepopmamiiiHux Mo-
AeAeil TOUHUX BEAHYHH 3a3HAYE€HHUX gedopmariii He
Hagae. lllonpasga ix HabAHM:KeHI yHOpMOBaHi 3Ha-
deHus (5, 8] 403BOASIOTD €10 3MEHIITUTH YUCAO 1Te-
pamiif y po3paxyHKax 3aAi300€TOHHHUX €AEMEHTIB 32
IrPAaHHMYHUMH CTaHaMu nepmoi rpymda. Hapasi x caig
KOHCTATyBaTH, IIIO Cy4acHI METOAH PO3PaxXyHKy HOP-
MaAbHUX ITePePI3iB 3aAi300€TOHHUX eAEMEHTIB 3a Je-
$popManmiiiHUMHI MOAEAAMH TAK 1 HE IPOIIOHYIOTH CIIO-
co6iB PO3KPHUTTA iX BHYTPIIIHBOI CTATHYHOI HEBU3HA-
YEHOCTI.

lozo p03paxyHK13 3a TPAHHMIHUMH CTAHAMH APY-
roi rpymnu, To BIACYTHICTL 6yAb-AKHX peKOMeHJaljii
4u cr1oco6iB 31 MIBHAKOIO 3HAXOAKEHHA (IIPOTHO3Y-
BAaHHA) BIAHOCHUX AedopMaliil po3TATHYTOI apMarTy-
pu 4u Kpatinix ¢pibp ctucHyTOro 6€TOHY Beje He TiAb-
KH 40 YHCEABHHUX ITepalifHUX olepanii, are it go
BHKOPHCTAHHA PI3HOTO POAY €MIIPHYHUX 3AAEKHOC-
Teil, mapaMeTpis Ta KoedimieHTiB. 3BiCHO, IO 3a BKa-
3aHHX OOCTAaBHH TOBOPHUTH PO BiJCYTHICTb €EMITIPU3-
MY B IH;KEHEPHHUX METOAAX PO3PaxyHKYy HOPMAaAbHUX
nepepisiB 3aAi300€TOHHUX €AEMEHTIB 32 HUHINIHIMU
AepopMalliiHUMH MOJAEAAMHU CTa€ MIPOOAEMATHIHO.

META CTATTI. OcHOBHHM 3aBJAaHHSAM JaHOI
CTATTl € BUCBITA€HHSI HAHBAKAUBIIINX ITOAOKEHD 3a-
raAbHOI METOJZOAOTII PO3paxyHKy HOPMAaAbHHX IIe-
pepisiB 3aAi306€TOHHUX €AEMEHTIB, po3pobaeHoi 32
AepopMaIiiiHO-CHAOBOIO MOJEAAIO iX omopy. Meto-
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AW PO3PaxyHKYy, 3aCHOBAaHI Ha Il MOJEAl, Bigpi3-
HAOTBCA Bl HUHIMHIX AepopMaLiiiHUX THM, IO
OB’ A3YIOTb CUAOBI paKTOPH HE IPOCTO 3 Alarpamoro
gepopmyBaHHs OeTOHY 4H 3 JlarpaMoio gepopmy-
BaHHSA apMaTypH, a 0OAHOYAcHO 3 oboMa JlarpaMamu,
MOEAHAHUMH MiK C06010 B 3aAi300€TOHHOMY €AE€MEH-
Ti YHKIIIEI0 KPUBUHH.

BHUKAA/Z OCHOBHOI'O MATEPIAAY
3araapbHy METOAOAOTII0O PO3PAXYHKY HOPMAAbHHUX
nepepisiB 3aAl300€TOHHUX EAEMEHTIB KOHCTPYKIIH
6yayBarumemMo 3a JepopMaljiiiHO-CHAOBOIO MOJEA-
AIO IX OIIOPY Ha OCHOBI YHIBEPCAABHOI AglarpaMu CTa-
Hy M-1/r Ipu 3aAy4deHHI TilloTe3 «HEAIHIHHOCTI KOp-
crrocti» [11, 12], mAockux mepepisiB Ta IpaHUYIHOL
piBHOBAaru 3 BHKOPHCTAHHAM €KCTPEMAABHOI'O KpH-
Tepi Hecydoi 34aTHOCTI
dM/d1/r) =0, (1)
ae

M — BHYTpIIIHI 3yCHAAA B HAiIGIABII HANIPY;KEHO-
My Hepepisi eAeMeHTa;

I/r — KxpuBHHA 3aAi306€TOHHOTO €AEMEHTa Y TOMY
K Tepepisi.

3aBAAKH 3aCTOCYBAHHIO ITUX TiIIOTE3 1 BUPIMIYIOTh-
ca npobAaeMH pO3KPUTTA BHYTPIIIHBOI CTATHYHOI He-
BU3HAYEHOCTI 3aAl300€TOHHHX €eAeMEeHTIB Ta 3abes-
IeYEeHHA METOAOAOTIYHOI €4HOCTI iX PO3paxXyHKIB 32
IPAHHYHUMU CTAaHAMH.

I3 ABOX 3araAbHONPHHHATHX pIBHAHb PIBHOBA-
ru OIABII KOPCTKHM 3aBXKAU € PIBHAH-
HS MOMEHTIB, OCKIABKH B HbOMY 6e310-
cepeaHbo BizoOpaskeHa yMoBa Ta TiloTe-

Eaob

11ii, 3aA€KHOI Big IapaMeTPiB apMyBaHH:A Ta CTYIIEHIO
HeoAHOPiAHOCTI gepopMyBaHHA OETOHY B iX IHOIEpe-
yHOMY nepepisi [11, 12]
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ae

&,] — 3HAYEHHA BIAHOCHHX gedopmariiil cTUCKY 6eTo-
HY IPU MAKCUMAAbHMX HaNpyKeHHAX a,=1/200000;

@, — BIAHOCHE 3HAYEHHA MOAYAA IIPYKHOCTI apMaTy-
pu;

k — xapaxkrepucTHKa AePOPMATHBHOCTL (IPYKHO-
IIAQCTHYHOCTI) cTucHyTOrO OeTony, k = E,, - €571/ fins

E,, — moyaTkoBe 3HAYEHHS MOAYAS IPY:KHOCTI Oe-
TOHY;

X,; — BIACTaHb Big HEHTPAABHOI AIHII 40 IIEeHTpa Baru
CTHCHYTHX CTEP:;KHIB, HAIIPYKEHHA B AKHX B I'DaHUY-
HOMY CTaHl He JOCATAIOTb MEKI TEKY4OCTi;

P — KOe(IIIEHT apMyBaHH:A IIepepi3y eAeMeHTa
THUMH K CTEPAKHAMU;

B — KoePiLi€HT, IO 3aA€KUTD Blg BUAY HAIIPYKEHO-
AepOPMOBAHOTO CTaHY €AEMEHTA I MPUHMAETBCA ANA

e

3a rpaHUYHOI piBHOBAru abo 3araAbHHI
CUAOBHU KpHTepip”I BUYEPIIAHHSA HECYIOL
34aTHOCTI.

N

Xol ¥/

X7=f(y)! / 3y 2

>&

Ne
Xs2

My, <M

w (2)
ae

My, — PO3paxyHKOBE 3HAYEHHH 3TH-
HAABHOTO MOMEHTY Bi/ 30BHIIIHBOTO Ha-
BAHTAKEHHS;

M, — Hecyya 3/aTHICTb 3aAi300€TOH-
HOTO CTEPKHA (MAKCHMAABHO MOKAUBE
3YCHAAA B HHOMY NP HACTaHHI TPaHUY-

HOIO CTaHy).

X3 (y)

2 XC ei

e 7

)dss3

or |

Xs1 Xs4,

OgHak 3a3Ha4eHUH KpUTepiil HE J03-
BOASE CIIPOTHO3YBAaTU I'PAaHUYHI gepop-

X+ (y) by

Manii MaTepiaAiB, BHUKOPHCTAHHX JAASA
BUI'OTOBAEHHS 3aAl300€TOHHOrO — eAe-
MeHTa. ToMmy B gepopMamiiiHO-CHAOBII
MO/EAL 40 BHYTPINIHIX 3YCHAb PIBHAHHSA
MOMEHTIB 3aCTOCOBAHO EKCTPEMaAbHHIT
KpuTepiil Hecydoi 3gatHocti (1). 3aBasa-
KH IIbOMY KPHUTEpIIo, IO 32 CBOEIO CYT-
HicTIO € JepopManiiiHO-CHAOBUM, Ipa-
HH4HI gepopManii kpaitHix ¢ibp cTucHy-
Toro OeTOoHy &,, B 3aAi300€TOHHHX €Ae-
MEHTAaX NPEACTABACHO Y BUTAAAL PYHK-

Puc. 1. 3arairpHuii BUnajgok po3paxyHKOBOTO

repepisy 3aAi306€TOHHOTO eAeMEHTa
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CTHCHYTUX eAeMeHTIB — 1,0; a4 sruHarbHEX — 0,81

m;, — IapaMeTp HEOAHOPIAHOCTI JepopMyBaHHA
CTUCHYTOTO GETOHY Y3AOBkK CTOPOHM h,, my=¢., p, /€0
(puc. 1);

my — IapaMeTp HEOAHOPIAHOCTI JepopMyBaHHA
CTUCHYTOTO GETOHY Y3JOBK CTOPOHU by, my=¢&,, /&0
(puc. 1);

€cop, — BIAHOCHI Aepopmanii HaHMEHNI CTHCHYTHX
$i6p GeTony 10 CTUCHYTIH rpaHi h,,;

€cop — BIAHOCHL gedopmanii HaHMEHII CTHCHYTHX
$i6p 1o crucHyTIH rpaHi b, ;

&5 — BlgHOCHI gedopmamii HAUGIABII CTHCHYTHX
$i6p Getony (puc. 1).

Taxum guHOM, JePopMaliifHO-CHAOBA MOJEAD 403~
BOASIE€ TIOBHOIIIHHO 3aMIHUTH 14€aAI30BaHY HPAMOKYT-
Hy €IIOPY HaIIpyKeHb Ha pearbHY KPUBOAIHIIHY Ta 3a-
6e3reunT PO3KPHUTTA BHYTPIIIHBOI CTATHYHOI HEBH-
3HAYEHOCTI HOPMAaAbHHUX IIEPEPI3iB 3aAi300€TOHHHX
€AEMEHTIB Y IX po3paxyHKaxX 32 IPAaHHYHHMH CTAaHAMU
MEePIIOI IPYIIH.

Y pospaxyHKax 3a I'paHUYHUMH CTaHAMH APYroi
IPYIH HAIPYKEHO-AePOPMOBAHUN CTAH 3aAi300€TOH-
HOTO eAeMeHTa Ha Oy b-AKiil crajii fioro gepopmyBaH-
HA (pHC. 2) OLIHIOThH 3TiJHO 3araAbHOIPUHHATHX PiB-
HAHDb PIBHOBAru

N (4)

M=M;+M; +M,_,, (5)
ae

Nj; , M; — BHYTpIIIHI 3yCHAASL B GETOHI CTHCHYTOI
30HU,

N s M
TOI 30HH;

N,, M, — BHYTPIIIIHI 3YCUAAA B apMaTypi.

B gedopmaniiiHO-CHAOBIHT MOJEAl 40 IIUX PIBHAHDb
JAOAYUYAETLCA y3araAbHEHa Jiarpama iioro crany M-1/r,
10 HPEJACTAaBA€HA (YHKIIIEI0 OCEPEAHEHOI KPUBHHU
[11, 12] B 6A0mi Mk TpimuHaMu (pHC. 2), AKIIO Taki
BUHHKAIOTh,

7t — BHYTPIIIHI 3YCHAAA B 6eroni PO3TATHY-

EGi-1 &qi oo} oG+ 0ciH2

- oa2

L nl.

1 /7,
2M,

M,

u u u

{(1—£ D, +2M—\/((1—£)D‘7+2M)2—4M~Mu}, (6)
7, M, v,

ae

D, — moyarkoBe 3HAYEHHA NOBHOI (XE3,/3) abo npu-
BeaeHoi (Ey, .1, 9) ROPCTKOCTI 3aAI306€TOHHOIO eAe-
MEHTA;

1/r, — KpUBUHA 3aAi300€TOHHOTO €AEMEHTA B CTaAil
rpaHUYHOI pIBHOBArM.

YTBOpPEHHS HOPMAABHHX TPINIUH B 3aAi306€TOHHO-
My eAeMeHTi (M,,) OIIIHIOETBCA 3riJHO 3araAbHOIIPHIi-
HATUX PiBHAHDb piBHOBaru (4) Ta (b) 3a rpaHUYHUMU
Aedopmaniamu 6eToHY B KpaiiHix ¢ibpax po3TArHYTOI
30HH &j;,, BUBHAYEHUMH 332 €KCTPEMAABHUM KpHUTEpI-
€M HOro MIITHOCTI

dN, /ds,, =0 (7)
ae

N, — BHYTPIIIIHE ITO340B/KHE 3YCHAAA B PO3TATHYTO-
My 6€TOHI HalGIABII HAIIPYKEHOTO IEPEPI3y eneMeH-
TQ;

&, — BlgHOCHI gepopmamnii 6eTony B KpaiiHix pibpax
PO3TATHYTOI 30HU TOT'O K IIEPEPI3y.

IlluprHa PO3KPHUTTA HOPMAABHUX TPINIUH w B 3a-
AI30OETOHHOMY €AE€MEHTI PO3PAXOBYETLCA HA MiJCTa-
Bl glarpaMu iforo crany (6) 3a BIAOMUM 3YCHANAM M.
3HaveHHsa KPUBUHH 1/r,, KOPHIYIOTb Pa3oM 3 Ocepes-
HEHHMH JepopMamisiMH HAHOIABII PO3TATHYTOrO ap-
MaTyYPHOTO CTEPKHA &, 1 KpaliHix ¢pibp cTucHyTOTO be-
TOHY €&, (pUC. 3) 4O BUKOHAHHA 3araAbHOIIPUHHATHX
piBHAHB piBHOBaru (4) Ta () 3 06yMOBA€HOIO TOYHIC-
TIO 0.

3rigHO  AepOpMaIliifHO-CHAOBOI MOJEAL pO3paxy-
HOK IIPOTHHIB f, 32 BIJOMUX 3yCUAB B 3aAI300€TOHHOMY
eneMeHTI My, TakokK 341HCHIOETBCA HA OCHOBI JlarpaMu
fioro crany (6). Kpusuny ]/rf Ta gepopmariii HaOLAbIIT
POSTATHYTOTO APMATYPHOIO CTEPKHA £y 1 KpalHixX Ppibp
CTHCHYTOrO GeTOHY & (PHC. 3), IO MOB’A3aHI MIK CO-
6010 TIIOTE3010 TAOCKHX IIEPEPI3IB, YTOUHIOIOTH PA30OM 3
IPOTUHAMH [; 10 BUKOHAHHSA 3araAbHOIIPHIHATHX PiB-
HAHB piBHOBar# (4) i (5) Ta 404aTKOBOI yMOBH

(fia=ID/ fia=S . (8)

e o

Ae f;.; Ta f; — IPOTUHHU eAeMeHTa B
npoieci irepariiii.

3HAYEHHS CAMOTO IPOTrHHYy 06-
YHCAIOIOTE 32 Ppopmyroio Cimiico-

ccl

e SN

edu

Esi
"

1}
gsi-1

]
0s,i+3

L1
osi-1

os,i

Vri

os,i+l

Vrivt

0S¥

Vriz

7ri-1 Vri3

Puc. 2. Hanpysxeno-gepopMoBaHuii cTaH 3aAi306eTOHHOTO
€AEMEHTA B OcepeJHEHOMY OAOI MK TpIN[HHAMHA

Ha [11], mpaBuAOM Tparieniii uu 3a
KAQCHYHHUM BUPA3OM

fmax:’sllz'(l/r)max’ (9)
ae

§ — KOe]iII€HT, IO 3aAA€KUTD Big
CXeMH 3aBAHTAKEHHS Ta 3aKpil-
ACHHS €AECMEHTY;

[ — po3paxyHKOBa JOBKHUHA 3aAi-
300€TOHHOTO EAEMEHTY;
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O04HOYACHO, MOEAHAHUX (PYHKIIEI0 KpPH-
BUHU;
® CHpUfA€ PO3KPHUTTIO BHYTPIINIHBOI
CTaTUYHOI HEBH3HAYEHOCTI HOP-
MAaABHHUX II€pepi3iB  3aAi306€TOoH-
HHX €AEMEHTIB Ta 3abe3I1euye MeTo-
AOAOTIYHY €JHICTH IX PO3PAXYHKIB
3a rPaHUYHHUMH CTaHAMU;

&Ec * He norpebye BUKOPHCTAHHA CKAAJ-

Esu Esf Esw
[

S0 < : Eaw Ecf
Es ANA !

. )

(D
|

HOTO IIPOrPaMHOro 3abe3redeHHs
Ta Moske OyTH peanizoBaHa 3a 4OIIO-
MOTOIO IPOCTUX IH’KEHEPHUX PO3-
PaxyHKiB;

* rapMOHI3ye TOYHI Ta IHKEHEPHI Me-
TOAU PO3PAXyHKY HOPMAAbHHX IIe-
pepisiB 3ani300€TOHHUX €AEMEHTIB;

* cyrT€BO OOMEKYE BHKOPHUCTAHHS
EMIIPHYHHUX 3aACKHOCTEH Ta Koe-
pimieHTiB y pospaxyHKax 3anizobe-

M, TOHHUX €AEMEHTIB 3a IPAHUYHHUMH

CTaHAMU.
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PO3PAXYHOK HECYUYOI 34ATHOCTI 3AAIBOBETOHHHX
EAEMEHTIB Y HOPMAABHHX ITIEPEPI3AX IIPU

KOCOMY 3I'HHAHHI

AHOTAIIA. 3anpornoHOBaHO IHKEHEPHY METO-
AUKY PpO3PaxyHKy HECy4ol 3J4aTHOCTI KOCO 3ITHYTHX
3aAI300€TOHHUX €AE€MEHTIB 13 BUKOPHUCTAHHAM IOHAT-
TS PO3PAXYHKOBOTO OIOPY 3arizoberoHy. Pospobaeni
POPMYAH JO3BOAAIOTH OLIHIOBATH MIITHICTD Y HOPMAAb-
HUX Iiepepi3ax OaAKOBHX EAEMEHTIB, AKI 3a3HAIOTh
KOCOT'O 3rHHaHH#A, Ha OCHOBI PO3PAaXxOBAHHX ITapaMeTpiB
MIITHOCTI TIpU IAOCKOMY 3rHHaHHI. IIpeacraBaeni
3aAE€KHOCTI  CHPHUAIOTh 3HAYHOMY  CIPONIEHHIO
BapIaHTHOTO IPOEKTYBaHHA 3aAi300€TOHHUX EAEMEHTIB
Ha Ai10 3ycuAb B 000X maomuHax. Hagiiinicts 3ampo-
IIOHOBAHOTO PO3PAXYHKOBOTO amapary IiATBEpPAKEHO
€KCIIEPUMEHTAABHUMHU JaHUMH. Po3pobieHmii anro-
PUTM PO3PAXYHKY 3aAi300€TOHHUX OANOK [JO3BOASE
BCTAaHOBAIOBATH HE TIABKH IX HECydy 3/aTHICTb, ane i
mig6MpaTH MAOIILY HEpepi3y apMaTypu, HEOOXIAHY AN
3abe3neueHHs eKCIAYaTALIHIX AKocTeil 6aroK B yMO-
BaxX KOCOTO 3rHHAHHSI.

KAIOUOBI CAOBA: Koce 3ruHaHH#, 3TUH, OIIp,
6anka, gepopmaliiiina MOJEAD, 3aAi306€TOH
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SECTIONS WHEN OBLIQUE BENDING
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E-mail: am.pavlikov@gmail.com,
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ABSTRACT. Engineering method for calculating
the strength of normal section of reinforced concrete

elements in conditions of oblique bending using the
calculated resistance of reinforced concrete has been
proposed. The need to develop the above calculation
is based on the fact that, first, oblique flexion as a kind
of complex deformation, is much more common than
plane bending in the practical operation of the building
structures. Secondly, the introducing in this calculation
of concrete design resistance concept is greatly simplifies
the calculation of the bearing capacity of the reinforced
concrete beam elements in conditions of their work on
oblique bending.

The main feature of oblique bending of beams, from the
theoretical aspect, is the presence of bending moments in
both planes in the element’s cross-section. With regard
to its practical aspect, as illustrated by the experience
of construction structures operation, oblique bending
of beams can be caused by many other reasons, among
which, in particular, the most common are the following:
technological inaccuracies occurred and installation
errors, accidental exposure in another plane, structure
damaging, influence of spatial working of frame structural
systems, and more. These points to the need of solving
tasks for improving the methods of calculating the strength
of the oblique bended reinforced concrete elements and
their subsequent experimental study.

After analyzing a large number of experimental data of
flexible reinforced concrete elements for action efforts in
two planes, it has been observed that bearing capacity of
the oblique bended elements varies according to a certain
law. Setting the law of variation of bearing capacity, general
dependence of determination of the bearing capacity of
the oblique bended elements has been suggested. With a
view to its simplification, it was suggested to use the basic
formulas for the method of concrete resistance calculation.
This method is based on the diagrams of deformation of
concrete and reinforcements, flat sections hypothesis,
without usage of any empirical coefficients. On the basis
of studies methods for solving problems of two types
have been proposed: the first one - strength check of the
element’s normal section; the second one - calculating
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the required area of reinforcement in conditions of
well-known forces acting in two planes of the element.
Both types of tasks can be solved quite simply without
the use of numerical iteration methods. When solving
the second problem, it becomes possible to establish
the required number of reinforces in respective planes.
Statistical comparison indicators of the bearing capacity
have been calculated with the help of proposed method
and the results of tests indicate sufficient accuracy for most
engineering problems. This allows us to recommend the
proposed method to a wide use not only in calculating
the bearing capacity, but also in the calculation of the
cross-sectional area of reinforcement required to ensure
the performance of the reinforced concrete beams under
conditions of oblique bending. Besides, the developed
technique enables to perform the variant design of beam
reinforced concrete elements, experiencing the oblique
deformation.

KEYWORDS:

deformation model, reinforced concrete

oblique bending, bending, resistance, beam,

IIOCTAHOBKA ITPOBAEMM. /lis 3sruHaAbHUX
MOMEHTIB B 060X IAOIIMHAX y IIepepi3l eAeMeHTa, AK
BiZJOMO, 3YMOBAIOE IIOSIBY B HbOMY KOCOT'O 3THHAHHA.
Ane xoce 3ruHaHHA 6anoK Takox Moxke OyTm Hac-
AlgROM 6ararpoX IHINMX YHHHHUKIB. 30OKpeMa, Hai-
6IABII YacTO 3 HUX 3YCTPIYAIOTBCA TAKI AK: TEXHO-
AOTIY4HI HETOYHOCTI Ta MOXUOKHM MOHTAKy, BHIIAZKO-
Bl BIIAMBH, IKI BHKAMKAIOTh MOMEHT B 1HIIH IIAOIIH-
Hi, IIOIIKO/KEHHA KOHCTPYKIIH, BIIAHB IIPOCTOPOBOL
poboTu paMHHX KOHCTPYKTHBHHUX cucTeM. lle Bkasye
Ha HeoOXiJHICTh po3B’A3aHHA 3a4ad 3 YJOCKOHAACH-
HS METOAUK PO3PAXyHKY KOCO3ITHYTHX 3aAi306€TOH-
HHUX €AEMEHTIB.

AHAAI3 OCTAHHIX JAOCAIAXEHBb 1
IIYBAIKAIIIH. BjoCKOHAAEHHIO PO3paxyHKIiB Hec-
y40i 34aTHOCTI 3aAI300€TOHHHUX E€AEMEHTIB, IO 3a-
3HAIOTh KOCOTO 3THHAHHA, NPHUCBAYEHO OaraTo po-
6it [1-7]. Ha cborogui icHye BeAHKa KIABKICTb IIPaK-
THYHUX METOAUK, OCHOBAHUX Ha pOpPMyAax Ta TabAH-
LIX 3 PO3PaxyHKy MIIJTHOCTI TaKHX €AEMEHTIB. AAe,
AK CBIAYUTH aHAAI3, PO3PaXyHOK Hecydoi 34aTHOC-
TI KOCO3ITHYTHX 3aAI300€TOHHHUX €AEMEHTIB Yy HOp-
MaAbHHUX Iepepi3ax i 40cl € JOBOAI CKAQJHUM Ta I'PoO-
Mi3gkuM. ToMy mnpakTHKa HpPOEKTyBaHHA EAE€MEH-
TiB 13 3aAi3obetony mnorpebye po3pobAeHHA Ipo-
CTOi 1HKE€HEPHOI METOAUKH Ha OCHOBI PE€3yABTaTIiB
€KCIEePUMEHTAABHO-TEOPETUYHHUX JOCAIAKEHD.

OCHOBHA CKAQHICTh y PO3PAXYHKAX MIITHOCTI KOCO
3ITHYTHX 3aAI300€TOHHHX €A€MEHTIB IIOAATAE B TOMY,
IO CHAOBA IIAOIIMHA HE CIIBIAJA€ 13 HAOIIHHOIO
nporuHis. lle BUMarae BUKOPUCTOBYBATH JOAATKOBY
YMOBY HpPO PO3TallyBaHHSA 30BHIIIHBLOTIO 1 BHYTpIMI-
HBOT'O MOMEHTIB Yy IapaA€ABHHX IAOIIMHAX. 3acTo-
cyBaHHA AedpopMaliiiHOl MOZEAl B pO3paxyHKaxX MiIl-
HOCTI TAKHX €AEMEHTIB MOKHA PEAAI30BYBATH 3a pi3-

HUMH METOAUKAMH.

OgHa 3 METOAHK, 3aIIpOIIOHOBAHA ¥ poboTi [8], mmo-
AATA€ B TOMY, IO IEpepi3 ereMeHTa po3GHUBaETh-
CA Ha NEBHY KIABKICTBb gingHOK. Ha KoxHIN AiagH-
i IPHIIMAIOTh IIOCTIHE 3HAYEHHA HAIPYr y O€TOHI.
/JlaAl IpoBOAATh YUCAOBE IHTETPYBAHHA 3 BUKOPHUC-
TaHHAM BIANOBIZHHX PIBHAHL PIBHOBArdW Ta Tirore-
31 IIAOCKHX nepepisis. JAas Takoro Meroay giarpama
AepopMyBaHHA OETOHY CYTTEBOrO 3HAYEHHA HE Mae,
Tak caMo fAK 1 ¢opma momnepednoro nepepisy. Tou-
HICTb IIbOTO METOAY PO3PAXYHKY 3aA€KHTh BiJ po3Mi-
PiB AIASIHOK, Ha fIKi 6YAO po3noJineHO Iepepis.

Ha gemo inmomy migxozi OCHOBaHA METOAHMKA, BH-
KAaZeHa B poborax [3 — 6]: BoHa OCHOBaHA HA PO3TAAAL
p13HI/IX $opm crucnyToi 30U 6etony. I1pu 3acrocysan-
Hi II€] METOAMKH BHKOPHCTAHHA CKAQJHHUX allpOK-
cuMariii giarpam gepopMyBaHHA GETOHY YCKAQJZHIOE
Ipollec pOo3pPaxyHKy. AAe Ha CbOTOAHI 3a3HAYEHA Me-
TOAUKA € HAIGIABII TOYHOIO B PO3TAAAYBAHUX pO3pa-
XYHKAaX KOCO3ITHYTHX €A€MEHTIB.

CyuacHi gedopmarmiiiHi METOAUKH, B OCHOBHO-
MY, 4AI0Thb MOKAHBICTb BHKOHYBATH II€PEBIPKY HECY-
401 3gaTHOCTI. OKpeMi METOAUKH AAIOTh MOKAUBICTD
YCTAaHOBAIOBAaTH apMyBaHHSA 32 IE€BHUX IOIEPEAHBO
NpuHHATHX cxeM apMyBaHHA. lllo & crocyeTbesa npo-
MO3HUIIH 3aCTOCYBaHHA IPOCTUX METOAHK 13 BH3HA-
YeHHA IIAOIII Iepepi3y apMaTypH, TO HOKH IO TAKHX
HEMAE.

®OPMYAIOBAHHS IIIAEM CTATTI. Po3pobu-
TH PO3PaxyHKOBHUH arapar AAd PO3paxyHKy KOCO3IT-
HYTHX €AE€MEHTIB IH;KeHepHUM MeTojoM. Ilepesipu-
TH HOr0 HaAIWHICTD 32 €KCIEPHUMEHTAABHUMH JAHU-
MHU.

BHUKAAZ OCHOBHOTO MATEPIAAY 3 ITIOB-
HHUM OBIPYHTYBAHHSM OTPHMAHHX HO-
BHUX HAYKOBHUX PE3YABLTATIB. Hasesenuii B
Hopmax [8] METO4 po3paxyHKy HecyHoi 34aTHOCTI 3a-
Ai306€TOHHHX €AE€MEHTIB IpHu ABOBICHOMY BIIAMBOBI
3TMHAABHUX MOMEHTIB Ta MO34O0BKHIX CHA € JOCTAT-
HbO CKAQZHHUM Ta TpyZoMicTKiM. Tomy 6araTo 40cAig-
HHKIB, AK 1 paHille, BEAYTh IOMYKH IPOCTHX IHKe-
HEPHUX cnocobiB PO3PAXYHKY 3aAI300€TOHHUX eAe-
MEHTIB HpH CKAQAHUX BHAAX Aepopmysanus [1- 7].

30KpeMa, AAd pO3B'A3AHHA L€l 3ajadi, Po3rasiga-
I0Th MOKAMBICTb MOEAHAHHA PO3PAXYHKIB y KOKHIN
i3 B3AEMHO MEPHEHAUKYAAPHUX IIAOMIUH B OJAUH 3a-
TaAbHUH PO3PaxXyHOK KOCO3IrHYTOro eaemeHnra. Ha-
NPUKAAJ, Y HOPMATUBHUX goKyMmeHTax [9, 10] npu-
HMAIOTh, IO HECYUYy 34aTHICTh €AEMEHTIB IIPAMOKYT-
HOTO TIEepepi3y i3 CUMETPUYHHM APMYBAHHAM IIpU
3MiHI KyTa HaXWAY cHMAOBOI mAaomunm Big 0° g0 90°
(puc. 1) MoxHA pO3pPaxoBYBaTH 3a TAKOIO 3AAEKHICTIO

a
My +ﬂ 1

M, M,

(1)
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ae M , M - npoexmnii PO3PAXYHKOBOTO 3YCHAAA
M wua oci X 1 Y npu 3aganomy KyTi HaXHUAy B cuno-
Boi maomunu; M,, M, - Hecyda 3jaTHICTD eneMeH-
Ta IPH KyTI HaXUAy cHAOBOI mromuuam 90° 1 0°% 4
- IOKAa3HHUK CTyIeHs, AKHI 3aA€KHTb Big Kaacy Oe-
TOHY, IPOLIEHTa apMyBaHH, CIIiBBIJHOIIEHHA CTOPIH

TOLO.
g

npoekuis
NAOWUHU 32UHY

HOI HECY4oi 34aTHOCTI 3 TEOPETUYHO BU3HAYEHOIO 32
BUPA30M (2) 3 TOKA3HUKOM CTYII€Hs 2 MPEJCTABAECHO
y TabA. 1. CTaTUCTHYHI OKA3HUKHU MiJTBEPAKYIOTH
HaJ1iHICTH 3anponioHoBaHUX BHpasis. lle gae 3mory
3aCTOCOBYBATU POPMYAY (2) Y BUTAAAL:

2 2

o | (e

GzM,y GzM,x
St Sorrs

Bupas (3) e yMOBOIO MIIJHOCTI B HOP-
MaAbBHHX II€pepi3ax KOCO3ITHYTHX €Ae-
(ﬁu) 7 menTiB.

y po3paxyHKy 3a MII[HICTIO posrasiga-
€Mo 4Bl 3ajadi. Ilepma - nepesipAaHHA
MIIJHOCTI HOPMaABHOTO IIEPEpPI3y eae-
MEHTa Ta Apyra — o64HCA€HHA HEOOXiA-
HOI IIAOIII apMYyBaHHSA 32 BIAOMHX 3Y-
CHAB, IIO AII0Th Y ABOX IIAOIIHHAX €A€-
MEHTa.

¥ Sagayva 1. Ilepesipka MilJHOCTI mepe-
pi3y eAreMeHTa 3a BiJOMOIO apMyBaHHS
Ta 3HAYEHb JAIIOYUX 3YCUADb Y ABOX IIAO-
muHax (puc. 1).

1.1.  O64YHCAI0OEMO IPOLIEHT apMyBaH-
a) 6) HS Iepepi3y Mo KOKHIM IAOIIHU-
Puc.l. 3MmiHa Hecy4oi 34aTHOCTI €EA€MEHTA B HOPMAABHOMY HIL - P s> pfy )
repepisi Ipu KOCOMY 3THHAHHI: a — CXeMa apMYyBaHHS; 1.2. 3 Bignosignnx TabAuLb, HaBeje-
6 — rpadik 3arexnOCTI (1) HuX y poborax [11, 12], 3Haxoau-
MO PO3PAaXyHKOBUM OIip 3aAi3o-
Haseaeny ([)OpMyJ\y. (1), BUKOPHCTOBYIOUH METOA 66TOHy th, fZMb , AKUU BIATIO-
PO3PAXYHKOBHX OIIOPIB 3aAizobeTony [11], moxHa BiZa€ 3a4aHOMY apMYBaHHIO.
[MOJaTH TAKHUM YHHOM 1.3.  Po3spaxoByeMo 3HAYE€HHS 3rHHAAD-
HHX MOMEHTIB, fIKI MOK€ CIpHIi-
a a HATH IIEpPepi3 0 KOKHIN i3 AO-
GZM GZM X
=y = =], (2) LIUH
sz,h sz,b My Mg
1.20 -
. +20% e
A€ Oy > Oy, - HANPYKEHHA y 3aA30- L2 ) 11 ~
6eroni Bignosiguo 40 3ycuns M _, M ; +10% c~..® s\ 3
Fains /. ortopi st L RENEST
Mo J v p - PO3PAXYHKOB1 OIIOPH 3aAl- - —— . °® . 8 o
306eTony, AKi HeOOXigHI AASl CIPUHHAT-  Fa=-o - NS G
M,, M Bt e e
T 3ycunn M, , M, 0.80 e NGl NL B
Hauecemo Ha r.paq)uf 3aAEKHOCTL (2) \\\ N oo N\ I
€KCIIEpUMEHTAaAbHI JaHl 3a [4], oTpuMa- S ® \
€MO 3MIHY HECyd4ol 34aTHOCTI OAAKOBHX 0.60 \\ > N SN
€AEMEHTIB IIPH KOCOMY 3THHaHHI (pHC. 2). N ‘\" \
. . . \
. Ha.OTpI/II.vIaHOMy rpadiky CyIliAbHaA Al- \‘ N e BN
Hifl BIANIOBiZa€ INOKA3HUKY CTyIeHA 2. 0.40 \ Y o \
IlyukTHpHI AlHII BKa3yloThb BigNOBIAHI \\ X K \
. A )
Alalla30HU PO3TAIIYBAHHA €KCIIEPHMEH- 0.20 Y vy
TaABHHUX JaHuX [2]. Ik BuagHO 3 Tpadi- ’ LV \ " "
oo . '
Ky, BHCOKY HaJlHHICTb PO3PaxyHKOBO- \ ¢ ': |
ro MeTogy 3abe3Iedye MOKa3HUK CTeIle- 0.00 H ! MMy
HSL a=2, IpH 1bOMY OIABIIICTD eKcre- 0.00 020 040 060 080 100 120

PUMEHTAABHUX JAaHUX 3HAXOJAUTHCA B
MesKax JOIYCTHUMOI 1HKEHepHOI Mmoxub-
KH, fIKa BlAIOBiJa€ HOPMAaTUBHUM 3Ha-
YeHHAM Koe@ilieHTa Bapianii MIITHOCTI
6ertony. IlopiBHAHHA €KCIEPUMEHTAAD-

Puc. 2. 3mina Hecy4oi 34aTHOCTI 6AAKOBHX €AEMEHTIB IIPH KOCOMY
3rUHAHHI B MeKax BigxureHb + 20%, ae: My, /My, p — BigHOMmEHHSA
3THHAI0OYOTO MOMEHTY B HAIIPAMKY BUCOTH €A€MEHTA 40 HOro

HEeCY40l 34aTHOCTI B HAIIPSAMKY BHUCOTH;

My, /MbE — T€ KX CaMe, B HAIIPAMKY IIMPUHU
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M), = th Wi M, = f_vMb Wi (4)

1.4. BusHavyaeMo 3HAYEHHS HAIIPYKEHb y 3aAi-
300€TOHHOMY Ilepepi3i B KOKHIN 3 IIAOIIUH
3a BHpa3aMu
Mx M)’
GZM,)( ZW_’ GzA/Ly = w '
Ab Ah

3a BupasoM (3) BUKOHYEMO IEPEBIPKY MiIl-
HOCTI IIepepi3y eAeMeHTa.

(5)

1.5.

Tabnuya 1. Iopisnanmus po3paxynkosux 3nauend MIyHocmi
3a TALIOBYIOYU Ii TAaKUM YHHOM, 106 KYTOBI

M

KoCco3i2Hymux nepepizie sanizobemonnux enemenmie M,

supazom (3) 3 excnepumenmarvHuMUL 0GHUMU Mg , 3a [2]

OTPHUMAEMO 3HAYEHH:A PO3PAXYHKOBHUX OIIOPIB 3aAi-
306eTony i3 popmyan (3)

O.mE. o

Soup = =2 —.

00,5 Soaun = 0/0,5

Y AaHOMY BUIIAAKY MOKHA PO3TAAJATU Pi3HI Bapi-
AHTH IponopuiifHocTi, 3abe3nedyoun HallGirbII pa-
L[iIOHAABHE APMYBAHHS.

2.3. 3 BignNOBIZHHX TaOAHIb, IPEACTABACHHX Y
poborax [11, 12], 3a po3paxyHKOBUMU 3HAYEHHS-

(8)

MH OIOPY 3aAi306€TOHY 3HAXOAUMO BIACOTKH apMy-
BaHHA Py, P4, a 32 HUIMU HEOOXIAHY MAO-
Iy MOIIEPEYHOro Iepepi3y apMaTypH, po3-

CTpI/DKHi BXOAHUAH B IIAOITY apMaTypH 1 BEp-

TUKAABHOTO 1 TOPU3OHTAABHOI'O HAIIPpAMKIB.

Ne | Hugp B wl| o | fo | M
n/n 3pasxa 2pao Pr 7| Mila | MIIa | m i
1 2 3 4 5 6 8 BHCHOBKH
1 3pason No 1 70 1516 | 234.0 | 30.5 | 1.130 . .
2 | 3pawsoxne2 | 70 [ 1516|2340 305 | 1.242 3aIpONOHOBAHO IHKEHEPHMiL MCTOA PO3-
3 | BpasoxNe3 | 70 | 1485 [ 234.0 | 305 | 1195  PAXYHEY MIGHOCTL KOCOSITHYTHX 33"13066:
4 | 3pasoxNe4 | 80 | 1.516 | 234.0 | 29.2 | 1.035 |  TOMHMX CACMCITIB HA OCHOBI METOAY pospa
5 | Spasocres | 80 | 1455 | 234.0 | 292 | Lizo| Yomnx onopis sarioberomy. Pospobac-
HUH METOJ € JOBOAI IPOCTUM Ta JOCTATHHO
6 | 3pasox Ne 6 80 150712340 | 29.2 | 1.221 HagiiHuM. OCHOBHOIO IIEPEBAroI0 1{bOTO Me-
7 | Spwoxne7 | 59 {25385 [524.0 | 27.4 | 1044 | 164y 6 re, mo nin noxasye, sixa sinicrs mo-
8 | SpawsoxNes | 70 | 1.955 [324.0 | 274 | 1162 |  wunima 6yru y womniii 3 mromun nepepi-
9 | 3pasox Ne 9 70 | 1.874 | 324.0 | 23.6 | 1.174 3y. Ile gae MoxausicTs 3abesnedyBaru Ba-
10 | 3pasox Ne 10 70 1 1.933 | 324.0 | 23.6 | 1.181 plaHTHE HPOEKTYBAHHS KOCO3ITHYTHX eAe-
11 | Bpasox Ne 13 | 80 | 2.018 | 324.0 | 17.1 | 1.074 MEHTIB Ta 3abe3nedyBaTu HaH6iABII parjio-
12 | 3pasox Ne 14 80 1.994 | 324.0 | 17.1 1.026 HAABHE X apMYBaHHS B YyMOBAaX CKAQJHOIO
13 | 3pasox Ne 15 59 24551 324.0 | 28.6 | 1.186 AepopmyBanHs. Y MOJAABIIOMY HAAHYETH-
14 | 3pasox Ne 16 59 2408 | 324.0 | 28.6 | 1.215 ¢ HOIHPEHHA 3alPOIIOHOBAHOL METOAMKH
15 | Bpasox Ne 17 | 63 | 1.179 | 227.0 | 23.0 | 1.184 PO3PaxXyHKy Ha IIOXUAL IEPEPISH 3anizobe-
16 | 3pasoxNo 18 | 62 | 1.179 ] 2203 | 20.6 | 1.238 | TOMHMX CACMCHTIB.
17 | 3pasox Ne 21 63 0.821 | 263.8 | 28.9 | 1.289
18 | 3pasox Ne 22 63 0.22; ! 265.0 | 29.7 11.31177 BIBAIOTPA®IYHME CIIMCOK
epedne snavenns x,, | 1.
Cepedne rsadpamuune snavenns o, %o | 7.77 1. Topauuk M.C. Pacuer ;xeae306€TOHHBIX
Koepiyienm sapiayii v, %o | 6.61 KOHCTPYKLUH IPH CAOKHBIX Aepopma-

3agaua 2. Busnayennsa HeobXigHOI maomi nepepi-
3y apMaTypH 3a Bigomux 3ycuns M, My Y 4BOX IIAO-
IUHAX eAeMeHTa (puc. 1).
2.1. Po3paxoByeMO Hamnpy:KeHHA y HaWOIAbII Je-
dpopMmoBaHux Pibpax 3arizobeToHHOrO MEpepi3y Big
x? y
M, M,

o = ; o= .
zM x M,
W m

2.2. 13 yMOBH IPONOPIIHHOCTI HAIIPYT 1 pO3PaAXyH-
KOBHUX OIIOPIB 3aAi306€TOHY B IIAOIIUHAX

(6)

O.mp _ Joms  Oumr _O.my

(7)
Joww s Saarn

o-zM7y

nuax /M.C. Topanuxk, I1.0. Baxnenko,
A.B. ®arees, A.H. Cepaiok u ap.; 10A
pea. M.C. Topanuka. — M.: Crpoiins-
aar, 1974. — 297 c.

2. TI'hnazep C.HM. Pacdyer xocousrubaeMbIx
KeAe300€TOHHBIX dAeMeHTOB. — Kues: byai-
BeAbHUK. — 1973. — 211 c.

3. IlaBaikos A.M., Boiiko O.B. MinHicTs KOCO-
3ITHYTUX 3aAl300€TOHHUX EAEMEHTIB 3a yMo-
BH JABOAIHIIIHOI poboTn 6€TOHY Ta apMaTypu
// bya. koHcTpyknii: 36. HaykoBHX 1p. — Kuis:
HAIBK, 2007. — Bumn. 67. — C. 263- 270.

4. IlaBaixoB A.M., boiiko O.B. Po3paxyHok Min-
HOCTI KOCO3ITHYTHX OaAOK Ha OCHOBI ABOAI-
HIMHUX JlarpaM CTaHy Marepiaais // by. KoH-
cTpykuii: 36. Haykosux np. — Kuis: H/IBK,
2006. — Bum. 65. — C. 172- 178.
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6eToHHNX 6AAOK TaBPOBOTO MPOPIAIO 3a YMO-
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Ko // I'aany3ese MammHo6yAyBaHHA, 6y4-BO : 36.
HaykoBuX 1p. — [Toatasa : IToaATHTY, 2011. —
Bum. 2 (30). — C.33 - 37.

ITaBAikoB A.M. Po3mexyBanHsa GopM CTHCHY-
TOI 30HH O6E€TOHY B mepepi3i KOco3irHyTux bHa-
Aok TaBposoro / A.M. Ilaeaikos, O.B. boii-
ko, M.O. Xapuenko // Bica. O4ABA. — Oge-
ca: OAABA, 2012. — Bum. Ne 47. — C. 255-261.
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METHODOLOGY FOR PREPARATION OF THEMATIC
GEOTECHNICAL MAPS FOR URBANIZATION PURPOSES
USING POLYNOMIAL INTERPOLATION METHOD

ABSTRACT. This paper describes a methodology for
definition of geotechnical conditions for urbanization
suitability zoning, which is very popular and complex
engineering field. The main goal is to present an
approach for preparation of thematic geotechnical
maps, which should serve as basis for planning
activities. In order to prepare these maps, appropriate
zoning methodology is proposed, where, the terrain
suitability for urbanization depends on following
basic factors: engineering-geological properties of
the present materials, slope angle, groundwater level,
seismicity and excavation conditions. According to
the proposed methodology, ratings are assigned to
the selected factors, depending on their importance
for successful urbanization. Based on the assigned
ratings, rating map for each factor is prepared, and
then the final map is created, representing the sum of
influences of each analyzed factor on the urbanization
suitability. On all prepared maps, four terrain
categories according the suitability for construction -
urbanization, are separated. The proposed zonation
methodology is practically applied for the territory of
city of Skopje.

KEYWORDS: urbanization, zoning, suitability, maps,
polynomial interpolation method.
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METOAOAOTIA IIIATOTOBKH TEMATHY-
HHX TEOTEXHIYHHX MAII JAAA IIAA-
HYBAHHA MICT 3 BHKOPHCTAHHAM
ITOATHOMIAABHOTI'O METOJ4Y IHTEP-
MMOAALIL

AHOTAIIIA. Y crarri gaHO OIIMC METOAOAOTII BHU3-
HAa4YeHHA TEOTEXHIYHHX YMOB, IO € BAKAUBHUMH
AASL TIPOCTOPOBOTO IIAAHYBAHHA MICT - IOIIHPEHO-
ro 1 CKAQJHOTO iHKe€HepHOro mnurtaHHA. OcHOBHa

HAYKA TA BYZIBHULITBO 3(13)'2017




MeTa — IPEACTaBUTH MiAXi4 AAA HIATOTOBKH TeMa-
TUYHHX T€OTEXHIYHUX Mall, Kl CAYI'YBaTHMYTh OCHO-
BOIO JAAfA TIAAHYBaHHA. /A IATOTOBKH LHX Mall
3aIIPONOHOBAHO BIAIIOBIAHY METOJOAOTIIO, AKOIO BU3-
HA4Y€HO, IO NPHUAATHICTb TEPUTOPII AASA HPOCTOPO-
BOTO IIAAHYBAHHA MICT 3aA€KHTH Bl TaKHX OCHOB-
HHUX IIOKa3HUKIB: IHKEHEPHO-TEOAOTIYHUX BAACTH-
BOCTEHl CyYacHHX MaTe€piaAaiB, KyTa CXHAY, pIiBHSA
Mig3€MHUX BOJ, YMOB CEHCMIYHOCTI 1 BHHAMaHHSA
rpyHTy. BignosigHO 40 3alIpOIOHOBAHOI METOAOAOTII
NpHU3HAYEH] PEHTHHTH AAA BHOpaHUX ITOKA3HUKIB
3aA€KHO BiJ iX BaXKAHUBOCTI JAAS HPOCTOPOBOTO
IIAAHYBAaHHA MicT. basyloumch Ha nux peHWTHHrax,
MIATOTOBAEHO Malld JAASI KOKHOIO IIOKa3HHKa, a
IIOTIM CTBOPEHA KiHI[€Ba MaIlla, fIKa IiJCyMOBY€E BIIAH-
BH KOKHOTI'O ITPOaHAAI30BaHOTO IIOKa3HHUKA II0J0
HNPHUAATHOCTI A0 IIPOCTOPOBOTO IAAHYBAHHA MICT.
Ha ycix migroroBA€HHX MamaxX BHJAINE€HO YOTHPH
KaTeropii TepHTOpiil BIAIOBIAHO A0 NPHAATHOCTI
40 OyaiBHHIITBA — ITPOCTOPOBOTO ITAAHYBAHHSA MICT.
3anponoHOBAHA METOAOAOT1SA 30HYBAHHSA NPAKTUIHO
BIIpOBaJKeHa AAA TepuTOpii MicTa CKoIr'E.

KAIOUOBI CAOBA: mnpocropose mnAaHyBaH-
HA  MICT, HPHAATHICTb, MAaIH, ITOAIHOMIaABHHH
IHTEPIOAAIIIMHUN METO4.

INTRODUCTION

With the long development of civil engineering, it
became obvious that for rational and successful urban
planning, design and construction of structures, an
excellent understanding of the ground conditions
is essential. Different factors govern the behavior of
the natural rock masses during the construction and
exploitation phase and these should be all well understood
in order to have successtul projects.

Depending on the location of each particular structure,
the influence of these factors can have different meaning.
As most important in most cases we can consider
the morphological, geological, seismic, hydrological,
hydrogeological and geotechnical factors. Complete
understanding of these factors, will enable definition and
allocation of the different geo-hazards. In many instances,
the combination of the geo-hazards and the engineering
activities has been reason for enormous socio-economic
damages, and unfortunately even human losses [2, 6].
In order to prevent and avoid these socio-economic
losses, worldwide practice and trend is the preparation
of appropriate thematic maps that serve as basis for
urbanization purposes.

The preparation of these maps is according
appropriate methodologies, based on detailed analysis
of available literature, specific principles for site zoning,
and right selection of various qualitative and quantitative
parameters.

Terrain zoning on these maps is presented, from which
urbanization suitability categories can be recognized.

The use of such maps before the start of the processes
of planning and construction, helps engineers to avoid
terrains with natural unfavorable geological - geotechnical
conditions, leading to more efficient construction and
safer structures [5].

Methodology for preparation of geotechnical maps as
bases for urbanization purposes is presented in this paper,
applied for the territory of Skopje, the capital city of
R. Macedonia. The maps are prepared with GIS
technology, more exactly using the software ArcGIS.

In the present state of art, using GIS is the most
suitable approach for preparation of such technical
documentation [3].

2. METHODOLOGY FOR URBANIZATION
SUITABILITY ZONING

The process of defining a methodology for urbanization
suitability zoning requires an understanding of all factors
affecting the urbanization of a given area. The first step is
selection of factors. Then, for each factor a rating system is
being defined, so that each factor has several classes. The
analyzed factors are related to the corresponding ratings
using polynomial interpolation method. The main idea
in developing this method is to find a way to establish
analytical correlations between any value of factor and its
rating.

2.1. Selection of factors the urbanization suitability

Urbanization suitability of a given area may depend
on many factors, related to the morphological, geological,
hydrogeological and geotechnical properties of the
terrain. Here as most important ones are considered: the
Lithological type (LT), Slope Angle (SA), Ground Water
Level (GWL), Seismic Intensity (SI) and Excavation
Conditions (EC) [5].

For each of these factors, a maximal rating has been
assigned, depending on their influence on urbanization
suitability (Table 1). In the proposed methodology

Table 1. Maximal values of the ratings for the factors

Classification parameter Maximal rating

LT 2
SA 2
GWL 2

SI 2

EC P)
Total (TUSR) 10

for zonation, all of the factors have same value for the
maximal rating, i.e. the author considers that all factors
included are equally important when determining the
urbanization suitability of the terrain.

The details for ratings for each factor are given
in Tables 2 to 6. For each of these factors four groups
of possible values are defined, related to four terrain

categories:
1. Optimally favourable terrain
2. Favourable terrain
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Table 2. Range of values and ratings for Slope
Angle (SA-R)

Slope angle (°) Rating
1-5 0
<land5-10 0.3
10 - 20
> 20 2

Table 3. Range of values and ratings for Ground Water
Level (GWL-R)

GWL (m) Rating
> 12 0
5-12 0.5
1.5-5 1.5
<15 2

Table 4. Range of values and ratings for maximal Seismic
Intensity (SI-R)

Seismic intensity (°) Rating
<5 0.3
5-6 0.9
7-8 1.4
>9 2

Table 5. Range of values and ratings for Excavation
Conditions (EC-R)

ERMR (excavation method) Rating
4 — 25 (easy excavator digging) 0.3
26 — 40 (hard excavator digging) 0.8
41 — 60 (ripping) 1.4
61 — 100 (blasting) 2

Table 6. Range of values and ratings for Excavation
Conditions (EC-R)

Lithological composition defined

with Lithological Type Rating
1 0
2 0.4
3 1
4 2
3. Conditionally favourable terrain

4. Unfavourable terrain

Analyzing the data from Table 6, it can be seen that
Lithological composition of the bedrock is defined with
adequate Lithological Type (LT). Having in mind that a
good part of the rock masses are characterized with similar
physical-mechanical properties although their lithological
composition and age are different, engineering geological
grouping of the rock masses is done. Arbitrary values
were used from 1 to 4 as a basis for correlation with
ratings for Lithological Types. So, the following types are
differentiated:

1. Group of hard magmatic, metamorphic or
sedimentary rocks as granites, marbles, massive
limestone and others, with range of values for
internal friction angle ¢>45° and cohesion ¢ >
100 kPa. In this group also belong the consolidated
rocks: soft to semi hard rocks (sandstones, calcareous
marls, schist with favorable dip of foliation, with
range of values for internal friction angle ¢ =36-45°
and cohesion c=50-100 kPa [5].

2. Group of rocks with a relatively low degree
of lithification: marly clays, poorly cemented
sandstones, marls, argillaceous shale, weathered
schists, with range of values for internal friction
angle ¢ =26-35° and cohesion ¢=30-50 kPa [5].

3. Group of rocks with a low degree of lithification;
soft rocks to hard soils as hard clays, compacted
sands, claylike gravels, with range of values for
internal friction angle ¢ =21-25° and cohesion
c=15-30 kPa [5].

4. Loose rocks with low shear strength and high
deformability, and loose detrital rocks or rocks with a
reduced degree of lithification (clays and silts, sandy
clays, sandy silts), with range of values for angle of
friction ¢ =10-20° and cohesion c=0-15 kPa [5].

Groundwater level is considered as zonation factor

because of the possible water flows in the construction
pits, the aggressiveness of the groundwater, conditions
for suffusion development, bearing capacity reduction
etc. So, the most unfavorable case is when the aquifer
zone is shallow below the terrain surface and then serious
problems occur with dewatering of the construction pit,
capillary effects on the footings and the construction,
liquetaction development and so on [2]. The dip of the
terrain is dictated by its morphology, which is important
because the dimensions of the excavation and the stability
of the terrain depend on the dip and height of the slope.
That means that, terrains with 1 — 5% dip require small
volume of earth works i.e. low cuttings, cut and fillings and
embankments. That dip is suitable for easy dewatering of
the atmosphere water and sewage systems construction
as well. Furthermore, dewatering of the terrains with dip
lower than 1% is quite difficult. On the other hand the
excavation is problematic when the dip of the terrain is
steep and also that terrain is susceptible to instabilities
[2]. The degree of the maximal seismic intensity is very
crucial factor considering that our country is seismically
active area [2]. Before the Skopje earthquake in 1963,
poor attention has been paid for aseismic design. The
earthquake pointed out that consideration of the expected
seismic intensity is of great importance in designing and
construction of structures in seismically active areas
as Skopje [5]. Terrain categorization according to the
factor Excavation Conditions is expressed through the
excavation categories defined in the ERMR system (ERMR
- Excavation Rock Mass Rating by M. Jovanovski 2001).
This factor is important in planning and designing of
structures, considering that the cost of the excavation per
m’ depends on the applied excavation method (digging,
ripping and blasting) [2]. All factors can be mapped,
calculated, measured or assumed using different direct or
indirect investigation methods.

The possible combinations of the factors’ ratings define

the suitability for urbanization of a given area.

2.2. Application of polynomial interpolation method

The polynomial interpolation method, used for
solving many problems in geotechnics, here is applied for
Urbanization Suitability Zonation.
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The method is applied using the data from
Table 2 to Table 5. For all evaluation factors,
correlative curves are defined, with main goal
to have possibility to assign an adequate rating for all
parameters. The established correlations between values
for evaluation factors and ratings are presented with the
following equations:

SA-R=0.0017SA2+0.0145SA-0.005
GWL-R=0.0101GWL2-0.3073GWL+2.3114
SI-R=0.0131SI2+0.0701S14+0.0077
EC-R=-9E-5ERMR2+0.0286 ERMR+0.0117

where: SA-R, GWL-R, SI-R u EC-R are adequate
calculated ratings for any value of individual factors.

Graphical presentation of the defined polynoms in a
form of interpolation charts is given in Figure 1.

In the presented equation the determination
coefficient for all cases has very high values (R2=0.9995
to R2=0.9998) which refers to very strong connection
between analyzed parameters.

2.3. Definition of terrain’s categories according to
urbanization suitability

In order to obtain the final map, so called urbanization
suitability map, a sum of the ratings from each factor is
required. The sum of the ratings represents total rating,
TUSR (Total Urbanization Suitability Rating), based on
which the zonation is conducted.

In the next step, 4 (four) terrain’s categories, according
to the suitability for wurbanization - construction
were defined, presented in Table 7 together with the
appropriate total ratings.

The defined interpolation chart and correlation for
analytical connection between the Urbanization Suitability
Category (USC) and the Total Urbanization Suitability

2 » — 20 -

o
g
@ o
= 15 .
81 E
H
2 %
@ ; E
° 9 y g 10
8 ©
° 5
@ 8
S5 2 05 «
(=) . L
£ _#"SA-R = 0,0017SA2 + 0,0145SA - 0,005 )
e £
5 L R?= 0,0998 3
08— 0,0
0 10 20 30 40 0 5
Slope angle [*]
2 » 2
z g
=16 54
= SI-R = 0.0131S12 + 0.0701S! - 0.0077 " 15
2 R?= 0.9997 s g
% 12 S _.
T T
o p 9
= > 5] 8 1
% 08 - = .
= 5
2 04 o 05
oD 4/ AE
£ ~ ®
© — @
-4

0"
0 2 4 6 g 10 0 20 0

Maximal seismic intensity by MCS scale [?]

Fig. 1. Correlation between ratings for Slope Angle, Ground Water
Level, Seismic Intensity and Excavation Conditions with factor

values using polynomial interpolation.

Table 7. Terrain’s suitability categories with appropriate TUSR

. GWL-R =0,0101GWL2 - 0,3073GWL + 23114
R*=0,9995

#EC-R = -9E-05ERMR2 + 0,0286ERMR + 0,0117
R*=0,9998

ERMR value

Suitability Category TUSR
Optimally favourable terrain 0-3
Favourable terrain 3-5
Conditionally favourable terrain 5-7
Unfavourable terrain 7-10
4 -
USC = 0.0062TUSR2 + 0.2396TUSR + 0.9939
R?=0.9997
2 -
Q
wy
=
2 o
1 e
] 1 2 3 = 5 3 7 a2 9 10
TUSR

Fig. 2. Correlation between USC and TUSR.

Rating (TUSR) are presented in Figure 2.
The correlative equation is: USC=0.0062TUSR2+0.2
396TUSR+0.9939.

3. PRACTICAL APPLICATION OF THE
PROPOSED METHODOLOGY FOR THE
TERRITORY OF CITY OF SKOPJE

3.1. Basic information for City of Skopje

Skopje is located in the north of the Republic of
Macedonia, in the center of the Balkan Peninsula
(Figure 3). The city is built in Skopje valley,
which is oriented on a west-east axis, along
the course of Vardar River which flows into
Aegean Sea in Greece.

The valley of Skopje represents a
depression surrounded by mountainous
and hilly formations, built of rocks of
different age, starting from Precambrian
e up to Paleogene, while the valley itself
is filled with Neogene-Quaternary and
recent sediments (alluvium, proluvium,
soil debris, Pliocene sediments).

From tectonic point of view, Skopje
valley is a mosaic of differently uplifted and
down-thrown blocks, separated by faults.
This kind of tectonic setting of the valley
exerts its high seismicity in the central area
as well as in the peripheral zones [1].

3.2. Thematic maps and final
urbanization suitability map

According to the previously defined
methodology for zonation of the terrain
from an aspect of urbanization suitability,
five thematic maps, for each factor, were

80 100
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Fig. 3. Geographical position of the analyzed area: Skopje, Republic o

Macedonia (after MapQuest maps).

Table 8. Statistic data from the thematic maps for each factor

Suitability categories in percent per each factor in the analyzed

area (%)
Factor ~ Optimall Conditionall Total
ptimaty Favourable ° © y Unfavourable (%)
favourable . favourable .
. terrain . terrain
terrain terrain
Lithological = g6 17.66 45.97 95.42 100
type
Slope angle 24.36 56.27 11.79 7.58 100
Ground 35.10 56.43 8.47 0.00 100
water level
Seismic 0.00 0.00 4.31 55.69 100
lﬂ[(‘)ﬂSl[y
Excuvation 57.24 31.55 7.55 3.66 100
conditions

Table 9. Statistic data from the thematic maps for each factor

Suitability category Percent (%)

Optimally favourable terrain 10.24
Favourable terrain 86.34
Conditionally favourable terrain 3.39
Unfavourable terrain 0.03
Total: 100
URBA.NIZATION SUITABILITY MAP FOR THE TERRITORY OF ;KOI’JE N
i dl 1
2
3
! U
4
oz
Legend:
I 1 Optimally favourable terfain (2~ 3) [ 3. Conditionally favourable terrain (5 - 6) 5
g_ B 2. Favourable terrain (3 - 4) I 3. conditionally favourable terain (6 - 7) L&
3 2 Favourabie terrain (4 - 5) Bl 4 Unfavourable terrain (7 - 8) Author: N. Nedelkovska | ¥
Fig. 4. Urbanization suitability map for the
territory of Skopje. 6
prepared. All of these maps were prepared with GIS
technique, which means ArcGIS software was used.
The results obtained in the thematic maps for each
analyzed factor are presented in Table 8, as a statistical
output.

£ presented.

4. CONCLUSIONS

Morphological, geological and geotechnical
factors throughout an area-region proposed
for new development of further urbanization
of existing cities have great impact on the civil
engineering. It is important to understand their
nature in all phases, starting from the design,
construction, and exploitation of the structures.
Furthermore, their unfavourable combination
can make some terrains very susceptible to some
type of geohazard, which means that the safety of
structures in such zones can become questionable
over time. Therefore, with the presented approach
and its further development, some type of
standardized method for urbanization purposes
can be established. If applied in fight time, such
method can present strong tool, contributing not
only for the improvement of civil engineering, but
the society in general.
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IIOIIEPEAHE TTPU3HAUEHHSA ITAOIII PO3TATHYTO]
APMATYPU AASA KOHCTPYKIIIN INIPAMOKYTHOI'O

ITIEPEPI3Y IIPHU 3I'MHI

AHOTAIIA. Beryn. 3rigHo 3 BHMOTaMH Jep-
KaBHUX OyJIBEABHUX HOPM YKpaiHH pO3paxyHOK
3aAI3060€TOHHUX KOHCTPYKLIH Ipu Aii 3THHAABHOTO
MOMEHTY Ta IIO3/JOBKHIX CHA CAlJ BHKOHYBaTH Ha
OCHOBI PO3PaXyHKOBOI MOAEAl HOPMAaABHOTO II€pepi3y 3
BUKOPHCTAaHHAM JepopMaIiiiiHoro Meroay. 3a KpHuTepii
MOABU TPAHHYHOTO CTaHY, IO PO3TAAAAETHCH, IHPHUI-
MaloTh JOCATHEHHA JepopMaliiiMH CTHCHyTOro 6ero-
Hy ab0 pO3TATHYTOI apMaTypH y nepepisi ix rpaHnYHuX
3Ha4YeHb a060 MOPYIIEHHs PIBHOBAru nepepisy (excrpe-
MaAbHHI KpHTepii). Are B IPaKTHIIL MPOEKTYBAHHST
YACTO BUHHUKAE HOTpe6a HAIIBHAKYPYY OLIHUTH HECY-
4y 3JaTHICTb KOHCTPYKLiil a00 BUSHAYHTH PO3PAXYHKO-
BUM IIAAXOM NPUOAU3HE 3HAYEHHHA HEOOXIAHOI IIAOIII
apMyBaHHA 3a\i300€TOHHHX eAeMeHTiB. ToMy, oTpuMaH-
HA 3aAEKHOCTEH AN TOIIEPEJHbOIO BU3HAYEHHA TIAOIII
apMyBaHHA JAA KOHCTPYKIIH IPAMOKYTHOIO po3pa-
XYHKOBOTO II€pPePI3y IPH OAHOIIAPOBOMY apPMYBaHHI B
PO3TATHYTIH 30HI € aKTyaAbHUM.

Meta. MeToro ganoi po6oTH € po3pobka aHANITHIHOTO
amapary Ta METOAUKH PO3PAXyHKY JAA IONEPEJHBOTO
BU3HAYEHH IIAOII apMaTypPH B PO3TATHYTIH 30HI Ips-
MOKYTHOTO II€pepi3y IpH OJHOIIAPOBOMY apMyBaHHI.

PospaxyHKoBi 3aAekHOCTi. 3aIpONOHOBAHO TpHU
CIIPOIIEHUX MAXOAH AAA IONEPEJHBOIO BH3HAYEHHS
IIAOII apMaTypH B PO3TATHYTIH 30HI IIPH OZHOIIAPOBOMY
apMyBaHHI €A€MEHTIB IPAMOKYTHOTO niepepiady. Ilepmii
migxig 6a3yeTnca Ha peanbHill (KPHBOAIHINHIK) Alarpami

crany 6erony. B gpyromy migxogli BHKOPHCTOBYETHCS
IPAMOKYTHA €IIOpa CTHCHYTOi 30HH Oertomy. Tperiit
miAXiZ4 AO3BOAAE B IIEpHIOMy HaOAMKEHHI OTpUMaTu
BEAHYHHY O/JHOTO IIapy apMyBaHHA JAASA KOHCTPYKINi
IPAMOKYTHOTO repepidy HE3aAeKHO Big TOro, AKa
AlarpaMa cra"y 6E€TOHY BHKOPHUCTOBYETLCA. B ToMy uncAl,
1 mpu HeoOXiZHOCTI BH3HAYEHHS IIAOII IOIEPEJHBO
HaIIPYKEHOI apMATYPH.

PesyasTaTH po3paxyHKiB. BuKOHaHO po3paxyH-
KH paliOHAABHOIO apMyBaHHA OGaAKH 3a IPAMHM
AepopMaIlifHIM METOJOM 1 32 CIIPOIIEHHMH 3aA€KHO-
craMu. BUKOHAHO NMOPIBHAHHA PE3yABTATiB CHPOIEHUX
iAX0AIB 3 "TOUHUM'" pIIIEHHAM.

BucuoBku. IlpegcraBAeHHHIT aHAAI3 HIPAMOro
mig60py 1 TPHOX MIAXOAIB A0 BU3HAYEHHSA IIAOII apMa-

TYPH A\ KOHCTPYKINi IPAMOKYTHOTO nepepisy 3 04HUM
IIAPOM aPMYBAHHSI TIOKA3AB, 1[0 BCl BOHHU [JAIOTh IIPaK-
THYHO OJHUH 1 TOH Ke pesyAbTar, IToxubka B monepes-
HbOMY BU3HAYECHHI IIAOLL apMaTypH He nepesuiye 8,5%.
KAIOUOBI CAOBA: 3aAi300eTOHHHIA  €AEMEHT,
AepopMariifHul MeTO4, HpHMOKYTHI/II/I nepepia, Iaoma
apMaTypH, aHAAITUYHI 3aA€KHOCTI, ITOIEpeAHE HAIpy-
JKEHHSI.

NPEJABAPUTEABHOE OIIPEJEAEHUE
TMAOIIAZN PACTAHYTOH APMATYPBI JAf
KOHCTPYKITHI ITPAIMOYTOABHOI'O CEUEHH S
[IPU U3TUBE
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AHHOTAIIUA. Beeaenue. B crpouTeABHBIX HOPMAax
YKpauHbl pacyeT KeAe300€TOHHBIX KOHCTPYKLHUH IIpH
JAeficTBHH M3rubaoniero MOMEHTa M HMPOAOABHBIX CHA
CAEAYET BBIIIOAHATH HA OCHOBE PAcYeTHOH MOJEAH HOP-
MAaABHOIO CEYEHHUs C HCIIOAB30BAaHHEM JAePOPMALIMOH-
HOro MeToga. KpurepreM paccMaTpuBaeMoro npejeAb-
HOTO COCTOSIHUA IPUHATO JOCTHKEHHE JepOpMaITUAMU
cKaTtoro 6€ToHa MAM PacTAHYTOM apMaTypbl B CEYEHUU
IIp€JEAbHbIX 3HAYEHUH OTHOCHUTEABHBIX JedopManuii B
COOTBETCTBHH C AUarpaMMaMi Hx cocrostnuA. Ho B pax-
THKE ITPOEKTHPOBAHMA HHOTAA BO3HUKAET MOTPeGHOCTH
HPUOAUSUTEABHO OLIEHHUTHh HECYIIYIO CIIOCOOHOCTH KOH-
CTPYKIUI AU OIPEJEAHTh PACYETHBIM ITyTeM IPHOAU-
3UTEABHOE 3HaY€HHE HEOOXOJMMOH IAOMIAJU apMHUpPO-
BaHUA KEAe300€TOHHBIX 9AeMeHTOB. [losToMy moayde-
HHUE 3ABUCUMOCTEH AAS NPEABAPUTEABHOTO OIpEAEAe-
HUS IIAOIIAAH APMHPOBAHUA AN KOHCTPYKIHI ITPAMOY-
TOABHOTO PACYETHOTO CEYEHHA IIPH OJHOCAOMHOM apMH-
POBAHUHU B PACTAHYTOH 30HE ABASETCHA aKTYaABHbIM.

Ieas. Lleabio ganHOIl paboThl ABAfETCA pa3paboT-
Ka aHAAUTHYECKOrO ammapara JAd IHPeJBAPUTEABHOTO
ONPEJEACHHS TIAOIIAAU apMATyphl B PACTAHYTOH 30HE
IIPAMOYTOABHOTO CEYEHHA IIPH OJHOCAOMHOM apMHpPO-
BaHHU.

Pacuernsle 3aBucumoctH. IlpegnroxeHo Tpu ympo-
IIEHHBIX TOAX0AA /A IPEJBAPUTEABHOTO OIpPEAEAE-
HUA IIAOINAJH apMaTyphl B PACTAHYTOH 30HE IIPH OZHO-
CAOMHOM apMHPOBAaHHUH YAEMEHTOB IPAMOYTOABHOTO
cedenus. Ilepsprif moaxoa 6a3upyercsa Ha KPUBOAHHEH-
HOH Aguarpamme coctossHusA 6eToHa. Bo BTOpoMm noaxoze
HCIIOAB3YETCA ABYXAUHEIHAA JuarpaMma U IpAMOYTOAb-
Hasd 9III0pPa CKATOH 30HBI 6eToHa. T'peruii mogxos mo3so-
Af€T B IEPBOM ITPUOAMKEHUH TIOAYIHTb BEAUYHHY IIAO-
Iag1 APMHPOBAHUA AAA KOHCTPYKIIUH IIPAMOYTOABHOTO
CEYEHHUsl HE3ABUCUMO OT TOTO, KaKasl JuarpaMma COCTOsI-
HuA 6€TOHA HCHOAB3yeTcA. B ToM uncae, u rpu Heobxo-
AUMOCTH HAYaAbHOTO OINPEAEAEHHUs IAOIIAAU IpeABa-
PUTEABHO HAIIPAKEHHOU apMaTypBbI.

PeayabTaThI pacueToB. BLIIIOAHEHBI pacdeTs! "TOYHO-
ro" parMOHAABHOTO apMHPOBAHUA Gankn gepopMaIiioH-
HBIM METOZOM U C HCIIOAB30BAHHEM YIIPOILEHHBIX IIOAXO0-
Aos. IlpoBegeHO cpaBHEHHE PE3YABTATOB YIPOIIEHHBIX
HOAXOZOB C "TOYHBIM" PEIIEHHEM.

BriBoasl. I1pejcraBA€HHBIN aHAAU3 TIPAMOTO 1OA60-
pa H TpEX IOAXOJOB K OIPEJEACHHUIO IIAOIIAAH apMa-
TypBl AASL KOHCTPYKIHI IPAMOYTOABHOTO CEYEHHSA C
OZHUM CAOEM aPMHUPOBAHUSA TIOKA3aA, ITO BCE OHH JAIOT
IPAKTHYECKU OAHH H TOT e pe3yAbTar. [lorpemsocTs B
OIPEeJEACHHH IIAOLIAAH apMaTypbl He IpesbIaeT 8,5%.

KAIOUEBBIE CAOBA: xeAe300eTOHHBIIA 9AEMEHT,
AepOPMAITUOHHBIH METOJ, TPAMOYTOABHOE CEYE€HHUE, IINO-
Ia4b apMaTypbl, AHAAUTHYECKHE 3aBHCUMOCTH, IIPE/Ba-
PUTEABHOE HAIIPsKEHUE.
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ABSTRACT. Introduction. In Ukrainian construction
codes, the calculation of reinforced concrete structures
under the action of bending moment and longitudinal
forces should be performed on the basis of a calculation
model of normal section using the deformation method.
Achievement by deformations of compressed concrete or
tensile reinforcement of the limit values is the criterion for
the limit state under consideration. The limit deformations
are determining to meet the corresponding diagrams of
concrete and reinforcement work. Despite the fact that
the norms have been in operation for more than five
years, designers have some difficulties in determining
of the initial value of the required reinforcing concrete
reinforcement area. In addition, there is sometimes a
need to quickly assess the bearing capacity of structures.
Therefore, the development of dependencies for the
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initial determination of the reinforcement area for
structures with rectangular cross section with single-
layered reinforcement in a tensile zone is relevant.

Goal. The purpose of this work is to develop an
analytical apparatus for the preliminary determination
of the area of reinforcement in a tensile zone with single-
layer reinforcement.

Calculation dependencies. Three simplified
approaches are proposed for the preliminary
determination of the area of reinforcement in a tensile
zone with single-layer reinforcement of elements of a
rectangular section. The first approach is based on the
curvilinear diagram of the concrete state. In the second
approach, a two-line diagram and a rectangular diagram
of a compressed concrete zone are used. The third
approach allows in the first approximation to get the
value of one layer of reinforcement for the structures
with rectangular section, regardless of which diagram
of the concrete will be used. Including, and if there
is necessity in initial determination of the area of pre-
stressed reinforcement.

Results of calculations. Calculations of the "exact"
rational reinforcement of the beam according to the
deformation method and the simplified dependencies
are executed. A comparison of the results of simplified
approaches with "exact" solutions has been performed.

Conclusions. The analysis of direct selection and three
approaches to determining the area of the reinforcement
for the structures with rectangular section with one layer of
reinforcement has showed that they all give practically the
same result. The error in the preliminary determination
of the area of reinforcement does not exceed 8.5%.

KEYWORDS: reinforced concrete element, deformation
method, rectangular section, reinforcement area,
analytical dependences, pre-stressing.

BCTYII

Astopu OygieabHuX HOpM [1, 2] orpumManu 6araTo 3a-
yBaKeHb 1 MobaskaHb CTOCOBHO BiJCYTHOCTI B ITUX HOPMAaxX
PEKOMEHAAINN II040 BHU3HAYEHHA CIPOIIEHUM poO3pa-
XYHKOBHM IIASAXOM 3HA4€HHA HEOOXIJHOI IIAOII apMy-
BaHHA 3aA300€TOHHMX eAeMeHTiB. Tomy pO3pO6]\€HHH
MIPOCTUX 3AA€KHOCTEN AN BUSHAYEHHSA IIAOIIL apmyBaH-
HSL S TIPAMOKYTHOTO PO3PAXYHKOBOTO nepep13y npu
OJHOIIAPOBOMY apMyBaHHI B PO3TATHYTIH 30HI € AKTyanb-
HuM. Haif6inbIT TOYHO MOKHA BUSHAYHTH IIAOIIY paLiio-
HAABHOTO APMYBAHHSA JAAS pi3HI/IX q)opM PO3paxyHKOBO-
ro nepeplsy IIPH JAOBIABHIM KIABKOCTI IIapiB apmarypu
1 ,ZIOB]J\LHOMY IIOE€AHAHHI ApMAaTyPHHUX CTPU/KHIB PI3HOI
HIPUPOAH 1 3 PISHUMH BAACTHBOCTAMH (CTAA€BA, HA OCHO-
Bl CKAa, 6a3aAbTy, BYTACLIO, HEHAIIPYKEHA 1 IONEpes-
HBO HAIIpYK€HA) IPAMHM IiA60pOM i3 BUKOPHCTAHHAM
PIBHAHHA pIBHOBAr" 3a gepopMariitnuM MetogoM [3, 4].

META

Mertoro ganoi pobotn € po3pobKa CIpPOIIEHOro aHa-
AITUYHOTO arapary JAAS BU3SHAYEHH: IIAOILI apMaTypH B
PO3TATHYTI 30HI IPH OAHOIIAPOBOMY APMYBAHHI.

PO3PAXYHKOBI SAAEXHOCTI

I1pu 3ruHi eAneMeHTa IPAMOKYTHOTO IIEPEPI3Y 3 apMy-
BaHHAM y PO3TATHYTII 30HI B OAMH IIap 1pu 3abe3reyeH-
HI BUMOT 11040 KOHCTPYIOBAHHS, 3rigHO 3 po3agirom 7 [1],
MO;KHA BUKOHATH IPHOAU3HE IPU3HAYEHHA APMYBAHHA.
IIpubansne Tomy, Mo piBHAHHA piBHOBaru (4.3) Ta (4.4)
[1] € cucteMo10 HEAIHIIHHX PIBHAHG 1 i pillIeHHA B Tpa-
HUYHOMY CTaHI HE 3aBAKJAHU BIAIIOBIJAa€ MAKCUMaABHIHA He-
Cy4iil 34aTHOCTI, AlarpamMa “MOMEHT-KPHBH3HA” B PsiAl BU-
Na/KiB Ma€ eKCTPEMYM (€ HHU3XigHA TiAKa), AKUI 3HAXO-
AUTBCS JANEKO BiJ TPAaHHYHOTO CTaHy 3a AepopMariiaMu.
/Ag po3pobKHU CIIPOITIEHOI METOAUKH BUSHAYEHHS apMy-
BaHHA NPAMOKYTHOTO IIEPEpI3y 3a pamiOHAABHUH Tpa-
HUYHHHA CTaH NPHUIMAIOTh OJHOYACHY peaAisaliiio rpa-
HUYHHX geopmaliiii 6eToHy B CTUCHYTIH 30HI (g,) 1 Je-
Popmariiii po3TATHYTOI apMaTypH Ha MEKI TEKYIOCTI (€,)).
Tomy, AAA CIIPOIIEHOI METOAUKU BH3HAYEHHA ApMYBaH-
Hs, Y BHITAJKY, IO PO3TASAAAETHCA, PEKOMEHAYETLCA BU-
KOPHCTOBYBATH HACTYIIHI Mi/XO/H.

Iepmmii miaxia. Po3rAsgHeMO MOKAUBICTb OTPUMaH-
Hs pIIIEHHA 00 BU3HAYEHHSA PaIliOHAABHOI IIAOMIL ap-
MartypH 3 piBHAHD (4.3) Ta (4.4) [1], OCKIABKN TIpH 3rHHI
B TPAHHYHOMY CTaHi peani3yeTbcs Apyra popMa piBHOBA-
r'H. 3BEpTaEMO yBary Ha Te, IO B OyAIBEABHUX HOPMax
YKpaiHH NPHUHATO Take IPABHAO 3HAKIB: JASA CTHUCKY
AK OGETOHY, Tak 1 apMaTypH 3HAK JOJATHUH, AAS PO3TH-
Ty - BIA'€MHHH.

bf.,

xdzkn +ZG” (=0 W
bf., ] A k2 %
Jcd +>0 X, -M=0 2
NZ ;k+2y ; vzﬁélw( 1 )

b- mupHHA IIEepepidy, M;
f. — PO3paxyHKOBE 3HAYEHHA MIITHOCTI O€TOHy Ha
cruck, MIla;

N = l — M — KpUBU3HA BUTHYTOI OCI B I1e-
o} h
pepisi;
&1y — Aepopmanii GeToHy crucnyToi pi6pu;
€.(2) — ocepeaneni gepopmauil posrsaruyroi Giopu Ge-
TOHY;

&
}/ — ﬂ — AOIIOMI)KHA BEAUYHHA,
801

c(l)/N

N N/ £ . — BIAHOCHA KPUBH3HA;

A HJ\OH_Ia apMatypH B i-My mapl

0, — HAIIPY;KE€HHA B apMaTypl i-To mapy;

Z; — BIACTaHb 1-TO CTPHKHA ab0 IPOMIAPKY apMaTypH
Bi/ HaGLABII CTUCHYTOI IpaHi epepiay;

@, — KOEPIIIIEHTH TIOAIHOMY, IIJO OIIUCYE HEAIHIHHY 3a-
AEKHICTh MUK HAIIPYKEHHAMH Ta geopMariiaMu 6eToHy
[4, AoaaTox ).

Ananiz piBHAHb piBHOBaru (1), (2) mokazas, mo He
CKAQJHO BH3HAYUTH APMYBAHHA B TI'PAHUYHOMY CTaHi
(puc. 1) 3a oboma piBHAHHAMH. /IAA IBOTO BUKOHAEMO

— BHCOTA CTUCHYTOI 30HU;

HAYKA TA BYJIBHULITBO 3(13)'2017



Ecul,cdd

Puc.1. Hanpy:xeno-gepopmoBanuii cran
HPAMOKYTHOI'O II€pEpi3y B IPAaHUYHOMY CTaHI

HaCTyHHi IEPETBOPEHHS 3a3HAYECHUX piBHHHLI

b/, :
St A =0 (3)

b,
2 Py o (5 = M (4)

Ae: M — 3ruHHHUIT MOMEHT;
5 5

a k+1 A k2 k2
Fo=Y —yt Fy =3 57"y
cN cu s M cu
= k+1 o k+2
Ac: _ _
— €l N = a1 “ 50 N = gcul—so
Ta= g NN
€ 0 0€e
I1pwu 3ruHi GIABII JOCTOBIPHI PE3YABTATH Ja€ BUKOPHC-
TaHHSA PIBHAHHA MOMEHTIB (2), a piBHAHHA (1) MOKHA BU-
KOPHCTATH JAA IIEPEBIPKU PIBHOBATH IIEPEPIY.
TaxkuM 9MHOM, OTPHMAEMO:

cl

-,
N
4=——", ®)
ae: J{yd ('xl _d())
gcul
Xl =
N

[~ poO3paxyHKoBe 3HAYEHHs MIHOCTI apMaTypu Ha
Me7K1 TEKYUOCTI;

d, — pobo4a BHCOTA ITOIIEPEYHOTO MEPEPI3y.

/IAs1 pillleHH s 3a3HAYEHUX PIBHAHD y IPAHUYHOMY CTa-

Tabnuya 1. Pospaxynxosi napamempu ona cnpowerozo
BUSHAUEHH A NAOUT ApMamypu

HI HeoOXiJHO MaTh 3HaYeHHsI BeanduH F ., ta F,,,. Braza-
Hi BEAUYHHHU € KOHCTAHTAMH JASl KOKHOTO KAacy 6ero-
Hy 1 MOKyTb OyTU 3Be4€HI B TaOAUIIO. 3HAYEHHA BEAU-
unH I,y T2 F,), AN PI3HUX KAACiB 6€TOHY IIPEACTaBACHI B
TabAu 1.

IlepeBipky BH3HAY€HOI BEAHYHUHH IIAOIII APMYBAHHS
MOKAMBO BUKOHATH 3 3AA€KHOCTI PIBHOBArH CUA, IO Ai-
10Tb y nepepisi (2). Ilpu mijcranosiy BUXigHuX JaHux i
OTPUMAHOI BEAHYHHH H/\OH_II apMyBaHHA, B I€aAl, MU Ma-
EMO OTPUMATH CyMY, piBHY HyAIO. Yepes NPIYHHY, 110
3a3HAYEHI BHINE, MU OTPUMYEMO AESAKY PI3HHIIIO ABOX
yAeHIB piBHAHHA (1). AKIIO 114 PI3HUIIA HE NEPEBUIIYE
5%, To MOKHA BBasKaTH, IO IAOII[A ApMYBAHHS BH3HAYE-
Ha 3 AOCTaTHBOIO TOuHICTIO. [IpH 11bOMY, AKIIO HEpInii

cd

YAEH PIBHAHHA ( F ), AKuii € 3yCHANAM CTHCHYTO-

ro Gerony, 6yAe MeHIIMI 32 APYrHii uAeH (f,, A,), aKkuii €
3YCHAAAM PO3TATHYTOI apMaTypH, TO Iie O3HAYaE, IO He-
006Xi4HO 36LABIINTH MIITHICTE 6€TOHY a60 BUKOHATH apMy-
BAHHS CTUCHYTOI 30HH. K10 36iAbIIEHHA MiITHOCTI Ge-
TOHY He NpHU3BEAE A0 HEOOXIZHOrO Pe3yAbTATY, TO IPH
BU3HAYEHHI IINOIIl PO3TATHYTOI apMarypu HeoOXigHO
BpPaxXOBYBaTH apMaTypy CTUCHYTOI 30HH. Taka apmarypa
Maif’Ke 3aBKJAH ITOBHHHA BCTAHOBAIOBATHCH 3 KOHCTPYK-
THBHHX MIPKYBaHb 1 MOKe IPHIMATUCh K PO3PAXYHKO-
Ba. B TakoMy BUIIAAKY, 3aNEKHICTh (5) HAOYBA€ BUTAAAY:

M_bf—czd FAM _fydl '(Xl _Zsl)
4,=—N , (6)
ae: fydz (xl —d, )
AA,, - IAOIIA CTHCHYTOI 1 PO3TATHYTOI apMaTypH Bid-
HOBIAHO;

Srais a2 - PO3PAXYHKOBE 3HAYEHHSA MIlJHOCTI CTHCHYTOI 1

PO3TATHYTOI apMATYPH HA TPaHHII TEKYIOCTi BIAIOBIAHO;

- BIACTAHb CTHCHYTOI apMaTypH BiJ HaWOGLABII CTHC-
HyTOI TpaHi epepiay.

Apyruii miaxig. Po3rAgHyTO MOMKAMBICTD OTPHMaH-
HfA BIATIOBIZHUX 3aAE€KHOCTEH JAAS BU3HAYEHH:A ParLiio-
HAABHOTO apMYBaHHS IIPH 3THHI 3 aHAAI3y HAIIPYKEHO-
A€pOPMOBAHOTO CTany (PHUC. 2) 3 BUKOPHCTAHHAM IIPAMO-
KYTHOI €IIOPH (JlarpaMu «KOPCTKO-IIAACTHYHOTIO» MaTe-
piany) cruchytoi 30HU (po3gin 3.1.6, puc. 3.3 [4]). Ilpn
IbOMY, HEMA€ HEeOOXIJHOCTI BHUKOPHUCTOBYBATU TPAHUY-
HUll gepopMoBaHuil crad nepepidy. CKAageMO CHCTEMY
PIBHSAHDb PIBHOBATH IIEPEPI3y:

Pozpaxynkose BMH?‘?HI BignocHi . . bAde X]-AS fyd: 0’ (7)
’ Aepopmarii cTHCKy . ITpomixna TIpomixna
3HAYEHHA rpal-mq]-u B ]
KJ\ZIC . . N 66TOHy HPI/I X'(lp'(l]\TepI/l- xapaKTepH-
MinHOCTI 6eTOHY Aedopmanii ) A | ¥
6etony MaKCHMAAbBHHUX i cruka 40 (3), | cruka g0 (4),
HA CTUCK fq, HADVAKEHHAX crucky 6ertony, ¥ ¥ |
MTla Py ’ Eeuled N ™ ! ~
Ecled 1 »
C12/15 8,5 0,00158 0,00370 1,804354 2,07981 i o <
C16/20 11,5 0,00162 0,00359 1,776175 2,057379 | ! <
— _' ___________ - . — —_—

€20/25 14,5 0,00165 0,00344 1,66341 1,844255 i
€25/30 17 0,00169 0,00328 1,54804 1,629363 [
C30/35 19,5 0,00172 0,00310 1,432574 1,427146 A s A sﬁm.
C€32/40 22 0,00176 0,00293 1,313164 1,231755 + ¥ A 4 >
C35/45 25 0,00180 0,00272 1,144587 0,980873 b
C40/45 27,5 0,00184 0,00257 1,054349 0,866816 < >
C45/55 30 0,00187 0,00243 0953721 | 0,744184 Puc.2. Hanpy:xeno-gedpopmosanuii
C50/60 33 0,00191 0,00229 0,84888 0,623162 CTaH II€pep13y 3 BUKOPUCTAHHAM

NPAMOKYTHOI €IIOPU CTUCHYTOI 30HU
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—Ax] +2dyx, -2 My _ 0. 8)
A€ bﬂ’j;d

1=0,8 — Koe}iLieHT, IO YTOUHIOE PO3PAXYHKOBY BHCO-
Ty CTUCHYTOI 30HH OETOHY;

My, — po3paxyHKOBE 3HAYEHHS 30BHIIIHBOTO 3THHAND-
HOT'O MOMEHTY

I3 zaresxnHoCTI (6) OTPUMYEMO PIBHSHHSA JASL BU3HA-
YEeHHS IIAOIIl apMyBaHHA B PO3TATHYTIH 30HI IIPH Bigo-
MOMY 3HA4Y€HHI BUCOTH CTUCHYTOI 30HU X,

A = NS ©)
S

BeAndnHy CTHCHYTOI 30HH X; MOKHA BH3HAYUTH 3 pi-
HIEHHA 3aA€KHOCTI (8), IO IpeJcTaBA€HA fAK KBaJpar-
He piBHAHHA. ToMy, epir 3a Bce, BUSHAYUMO BEAUYHHY
AUCKPHMIHAHTY KBaAPaTHOTO PIBHAHHA:

8M
D=4d; -—* (10)
cd
BIAITOBIZHO OTPUMYEMO
-2d. +
X, = 26”0——\/5 ) (11)
21

3Ha4yeHHS BUCOTH CTHUCHYTOI 30HH X; IOBUHHO OyTH
MO3UTUBHUM 1 MEHIIUM PO3PaxXyHKOBOI BUCOTH I€pepi-
3y (dy).

Tperiit miaxig. /edopmariiinuii MeTOA4 A03BOASIE B
nepIoMy HaOAMKEHHI, BUXOASYH 3 TPAHHYHOTO Jgedop-
MOBAHOTO CTaHy (pHUC. 3), OTPUMATH BEAMYHHY OAHOTO
HIapy apMyBaHHA IPAMOKYTHOTO IIEPEPI3y HE3ANEKHO
Bi/ TOTO, AKa Alarpama cTaHy 6€TOHy BHKOPHUCTOBYETLCH.

AHaniz popmyar (D) mokazas, IO APYTUi YAEH UH-
CEABHHKA III€1 3aAE€KHOCTI € MOMEHTOM CTHCHYTOI 30HH
BIZJHOCHO HEUTpaABHOI Oci epepidy. Bigomo, mo npu pi-
HIEHHI CUCTEMH PIBHAHb PIBHOBAI'H BIZHOCHO HEHTpaAb-
HOI OCl, MOMEHT CTHCHYTOI 30HH YHCEABHO PIBHHI MOMEH-
Ty PO3TATHYTOI apMaTypH. TakuM YHHOM, MOMEHT PO3-
TATHYTOI apMaTypH BIJHOCHO HEHWTPAABHOI OCI CKAAJa€
IIOAOBHHY 30BHIIIHBOIO MOMEHTY, TOMY B IIE€PIIOMY Ha-
OGAMKEHHI 3AAEKHICTD AAA BUSHAYEHHS II\OIIII PO3TATHY-
TOI ApPMATYPU MAE BHTASAL

A = i .
Y 2fu(x—d,)

/IAst OTPUMAHHS TIAOIL ApMATYPH 32 3aAEKHICTIO (12),

HEOoOXiZHO MaTH BUCOTY CTHCHYTOI 30HH X,. Bucory cruc-

HYTOI 30HU BU3HAYAIOTh 3 PO3TAAAY TPAHUYIHOTO Jedop-
MOBAHOT'O CTaHY MIE€PEPI3Y 3a 3AAEKHICTIO:

dogcul,cd

(gcul,cd + gsO,d)
AHAAOTIYHO, fAK 1 B IEPIIOMY IIAXO0Al, AaHAAIZYEMO He-
06XiAHICTb 3MIHH MiITHOCTI 6€TOHY 460 BCTAHOBAEHHS ap-
MaTypH B CTHCHYTIH 30HI. /IAsl BU3BHAYEHHA palliOHAAD-
HOI IIAOIII PO3TATHYTOI apMaTypH, HeoOXiJHa IepeBipKa
BEAUYUHHU BUCOTH CTUCHYTOI 30HH ¥, <0.6d,. fxio Buco-
Ta CTUCHYTOI 30HU 3HA4HO Girble 0.6d,;, HeoOXigHO 301Ab-

mHATH KAAc 6eToHy ab0 BCTAHOBAEHHS apMaTypH B CTHC-

(12)

X, = (13)

HYyTIit 30HI. JKII0 36iABIIEHHA KAacy 6€TOHY He IIPH3BO-
AUTH O TOTPIGHOTO pe3yAbTaTy, HEOOXiZHO NMPU3HAYH-
TH PO3PaXyHKOBY CTUCHYTY apMarypy. B npomy Bumagky
IIAOIIJA PO3TATHYTOI apMATYPH BH3HAYAETLCA 32 3ANEHK-

HICTIO: _ —M+AS1 'f;;dl '(Xl _Zsl)
ae: ” 2f i (x] B do)

A, Ay, - TIAOIIIA CTHCHYTOI 1 PO3TATHYTOI apMaTypH Bid-
HOBIAHO;

frai> a2 - PO3pAXyHKOBE 3HAYEHHs MIITHOCTI CTHCHYTOT 1
PO3TATHYTOI apMATYPH Ha T'PaHHII TEKYIOCTi BIAIOBIAHO;

%, - BIACTaHb CTUCHYTOI apMaTypPH BiJ HaiOLABII CTHC-
HYTOI TpaHi epepiay.

Banexnocti (12) Ta (13) MoxyTs 6yTH BUKOpHUCTaHI 1
IIpU HEOOXIAHOCTI MPUOAUIHOIO BU3SHAYEHHA IIAOMII TIO-
IepesHbO HAIPYKEHOI apMarypu. B gaHomy BHITagKy,
MH 32 TPaHHYHHUI CTaH IPUIMAEMO JOCATHEHHSA TPaHH4-
Hux gepopmaniii crucHyTM 6eToHOM (pHC. 3), a gedop-
Mariii apMaTypHy IPH IIbOMY

) (14)

Afs :gp()'gs()sp’
ae:
Epp - SHAICHHs BIJHOCHHX JepopMaliiii BHAOBKEHH
HOHCPC,ZIHI)O Hapr)KCHO] apMaTypH,
Esgp - TIOUIATKOBI AedopMarii BUAOBKEHHs HOepes-
HbO Hapr}KeHOl apMaTypI/I.
HpI/IG./\I/I:iHOrO TOMY, 1o HpI/I BI/I3H3‘ICHHi I‘paHI/I‘{HO-

rO CTaHy HE BPAXOBAHO pobOTy HoNepeAHLO HAIpPYKe-

Ecul,cd

A Esp=Epo-Eso,sp

Puc.3. Hanpyxeno - gepopmosanuii cran
HPAMOKYTHOTO IIEepepi3y 3 HonepesHbo
HAIIPY/KEHOIO APMATYPOIO.

HOI apMaTypH Ha APYTiil AIAAHIIL JlarpaMy IpH 8S1? > Epp-
Tomy, oTpuMmaHe 3HaAYEHHS PO3PAXYHKOBOI IIAOIII apMa-
Typu Oyge Aekinbka Oiabie 3a HeoOXigHe AAs 3abese-
YEeHH: JOCTaTHBOI HECYJOi 3JaTHOCTI PO3PAXyHKOBOTO I1€-
pepi3y. Ane IIpHU HACTYITHOMY II€PEBIPAHHI IIPAMUM PO3-
PaxyHKOM He BaKKO OyJe yTOYHHTH Ta migibpaTu GLAbII
paliioHaAbHE 3HAYEHHS IIAOIII IOIEPEAHBO HAIIPYAKEHOI
apMarypu npu 3abe3nedeHHl BUMOT 32 JPyroi IPyIo
I'PAaHUYHHX CTaHiB.

ZJIAst PO3paxyHKy IIAOIII TIOIIEPEJHBO HAIIPYKEHOL ap-
MaTypH BHKOPHCTOBYIOTH 3aAekHICTH (12). Ilpu mpomy
BHCOTY CTUCHYTOI 30HU BU3HAYAIOTD 32 3AAEKHICTIO:!

dogcul,cd
Xl = ,
(gcul,cd + Agsp )

(15)

Ac: Ags = gp()"?s()sp' )
AAH pO3anyHKlB pea./\I)HI/IX KOHCprKHlﬁ 6a>KaHO
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06 BeAndrHa AESP = &yr€y)sp HE TIEPEBUILYBANA 3HAYCH-
u: 0,00210 grs crpusxkHiB giamerpom Mennie 25 mm. [pu
LIbOMY, HEOOXiZJHO BHKOHATU IIEPEBIPKY BIATIOBIZHOCTI
BHMOT'aM 3a JAPyroio IPyNoo rpaHHYHHUX CTaHiB. Tax, mu-
PUHY PO3KPHTTSA TPIIIUH IIPH Assp> 0,00210 neobxigHO
BHU3HAYATH PO3PAXYHKOM, 1, AK IpaBUAO, BOHA OyJe Ire-
PEBUIIYBATH AOITyCTUMY. BeAnmduny pisHumi gepopmariiii
sp MOMKAHMBO PETYAIOBATH PIBHEM IONEPEAHBOTO Ha-
HpYy:KeHHA a00 IIAAXOM 3MEHIIEHHA HOro BTPaT.

ABTOpaMH OTPHUMAHO AHAAOTIYHI 3aAEKHOCTI AAS BU3-
HA4EHHA IIAOIII OJUHOYHOIO IIapy apMaTypH AAS Ip-
MOKYTHOT'O IIepepi3y IPH BUKOPUCTaHHI JABOAIHIHHOI Aia-
rpamu gepopmysaaHs 6eToHY. OCKIABKH, HIAPAXYHKH 32
LUMH 3aA€KHOCTSAMH BHMAraloThb 3aTpaTéd 3HAYHO OiAb-
IIOT'0 Yacy, BOHU He IpeJcTaBAeHl. Tum Giablie, mo Haii-
rpocrimi 3aaexHocTi (12) - (15) 403BOAAIOTH BU3HAYHTH
IIAOIIY ApMYBAHHSI HE3AAEKHO Bl TOTO, AIKY Jlarpamy Je-
¢$opmyBaHHA 6ETOHY BUKOPHCTOBYIOT.

I1porony€eMo TaKkHii AATOPHTM JAAS MONEPEJHBOTO BU3-
HAYEHHA IIAOIIl PO3TATHYTOI apMaTYPH AAS HPAMOKYT-
HOT'O IIepepisy.

1 fAx BuxigHi gaHl — BEAUYHHU 30BHINIHBOTO MOMEH-

Ty (Mp,;), TeoMeTpii epepidy, 3aXUCHOTO Mapy, KAa-
cy 6erony. 7

2 BusHa4aeMo apaMeTpu: foy, Eura» €urs frar Eso = Ed
d,=h-c,,, Ta x, 3a 3are;xknoctsimu (13) abo (15).

3 IlepeBipsA€EMO BEAMYNHY BHCOTH CTHCHYTOI 30HH X;
<0.6d,. Axuio BucoTa CTUCHYTOI 30HH 3HAYHO OiAb-
mra 3a 0.6d,, HeoOXiAHO 36LABIIUTH KAAC OETOHY 1 BU-
KoHatu i1 1, 2. fxmro 36inbmieHHs Kaacy 6eToHy He
IIPU3BOAUTH A0 IOTPIGHOTO PE3YABTATY, HEOOXiAHO
IIPU3HAYUTH PO3PAXYHKOBY CTHUCHYTY apMmarypy. B
LIbOMY BHIIAZKy IIAOIA PO3TATHYTOI apMaTypH BHU3-
HAYAETHCS 32 3AAESKHICTIO (14).

4 Buznadaemo HEOOXiZHY IIAOIIY apMaTypPH 3a 3aAEHK-
Hictio (12) abo (14).

5 Bu3Hauya€MO KIABKICTb CTPM/KHIB, 3 JOTPHUMAHHAM
BUMOT 11040 KOHCTPYIOBaHHs PO3Ainy 7 [1]. Bigmo-
BI/JHO KOPUTYEMO Bi/JCTaHb Bi/ IIEHTPY IIapPiB CTPHK-
HIB JO HAWOLABIL CTUCHYTOL IPaHi (2, dy).

6 Buxonyemo npsaMuii po3paxyHOK 3a CHCTEMOIO PiB-
HAHb AAA Apyroi popmu pisHoBaru (4.3) ta (4.4) [1].

7 BHKOHYEMO CITIBCTABACHHS HECYUOi 3JaTHOCTI i3 30B-
HIIIHIM MOMeHTOM (M,). Y BHIIaAKy, KOAH HECyda
3aaraicte M, Menma 3a M, HeoOX1AHO 30IABIITUTH
II\OIIly apMYBaHHA. Y BHIIAJAKY, KOAH Hecyda 3Jart-
Hicth OiabIma 3a My, HeOOXIZHO BUKOHATH OLIHIO-
BaHHA TOYHOCTI pimeHH:A. fIKIIo 1e nepeBuIeHHs
€ MEHIINM HIXK b%, MOKHA BBasKaTu, 110 HeoOXigHA
TOYHICTB pilIeHHA gocArHyTa. Ha 1ipoMy pospaxyH-
KU 3aKIHYEHO.

PE3YABTATH PO3PAXYHKIB

EQeKkTuBHICTh BU3HAYCHHs IOINEPEJHBOrO 3HAYCH-
H TIAOIII PO3TATHYTOI apMATYPH ITOKAKEMO Ha IIPHKAA-
Al GAAKH TIepeKpUTTA IPAMOKYTHOro rnepepidy. Heo6-
XiJHO BU3HAYUTH APMYBAHHS 3aAi300€TOHHOI GanKH ITe-
PEKPUTTA AAA 334aHOTO HaBaHTAKeHHA. /aHo: 3aniso-
6eTtonHa 6anKa IEPEKPUTTA JOBKHHOIO 9 M 3 poaMipa-

mu riepepisy: b=300mm, h=600mm; KAac MirHOCTI 6€TOHY
C25/30 (f,,=17 MIla; &,,,,,~0,00328; ¢, ,=0,00169); Krac
apmarypu A500C (Es=200000 MIlIa, f, =416,6 MIIa).
Pospaxynkose Hapantaxenssa 50 kH/M, rpanmannii pos-
paxyHkoBHil MomeHT M ;=506 kH M.

PamioHaAbHUM apMyBaHHAM JAA  3aAI300€TOHHHX
€AEMEHTIB, 110 3TUHAIOTLCA, € PO3MIIIEHHA apMATYPH B
PO3TATHYTIH 30HI 3aNE€KHO Big MinHOCTL 6etony Big 2%
40 3% mnomi nepepisy. Tomy, Ha HeprIoMy Kpowi Io-
IIyKy PaliOHAABHOTO apMyBaHHA, MOKHA IPUWHATH
BMICT pO3TATHYTOI apMaTypu 6arku npubausHo 2%, abo
b-h-0,02=0,3-0,6:0,02=0,0036 m°. Buxoasau 3 1150r0, HA
HnepmoMy Kpori migbopy apMarypu, NpU3HAYAEMO ap-
MYBAHHsI B PO3TArHYTiil 301 3(32+2(28 A500C, Bepx-
HE apMyBaHHs1 KOHCTpykTHBHE 2012 A500C. 3axucHuii
HIap 3riJHO peKoMeHJaniil po3giny 4.2 [4], ara nepmio-
ro mapy apMarypu 32+10=42 MM, AAd gpyroro mapy —
42+32+35=109 MM, ArA BepXHBOI apMaATYPH -- 29 MM.

BUKOHYEMO PO3PAaxXyHKH HeCydoi 34aTHOCTI OaAKd 3a
AepopManiifHuM MeToJoM. BuropucroByrounm kpurepii
BUYEpIIAaHHA HECy4ol 3JaTHOCTI IIepepi3y, OTPUMYEMO
M,= 545 kH'M. TakuM 4ynHOM, BHU3HAYEHA HECYdYa 3/aT-
HICTh OaAKH

M,=545kH'M  mepeBHIy€  30BHINIHI  MOMEHT
Mg,=506kH'M Ha 8% (PEKOMEHJOBAHOIO BEAUYHHOIO €
5%).

Tomy, BUKOHYEMO JPYrHii KPOK IOIIYKY PaIliOHAABHO-
rO apMyBaHH:, IPHIMAIOYN AEKIAbKA 3MEHIIEHY ILAOILY
apmarypu. /lAas mepiioro mapy B po3TATHYTIH 30HI Ha-
3nagaemo 3025 A500C, anst apyroro mapy 3025 A500C,
BEpPXHE apMyBaHH:A (B CTHCHYTIH 30HI) KOHCTPYKTHBHE
20012 A500C (puc. 4 Ta TabA.2). 3aXuCHUI HIap AAS 1ep-
moro mapy apmarypu 25+ 10=35 MM, gra apyroro mapy

Tabnuys 2. Buxioni oani ons pospaxynxy banxu

tioma Bigcraub Big mapy
HOMC.pI/I apmarypu apMaTypu 40
apU;Z?;I;H K(;Ta};(;ro HAMOIABII CTHCHYTOT
A, vt rpaHi nepepisy zg, M
1 0.001473 0.5525
2 0.001473 0.5015
3 0.000226 0.035
As3
2
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-35+25+26=86MM, AN BEPXHBOI
apMarypu - 29 M.

Tabnuya 3. Hapamempu nanpysxrcerno-oedopmosaro2o

cmamy nepepisy

BHKOEaBIHH p03anYHOK 3a Je BiA"OC"iA.e(ImPMa'mIm Kpususna Bucora
q)OpMaHH/IHHM METOAOM, O.TpI/IMa(ZIviO E g rpani Gerory BurHyTO'l'.o.ci Aomnomixua| CTHCHYTOT | BigHocHa osgomms 3runaibHuit
IIOBHY KPHBY CTaHy II€pepi13y 40 pyH- ; g cmcnfy'ril‘/‘x, pocsmary- B ;:fsﬁ:m HC/\H;HHH, 6::::% Kpnn;ana, cuna N, MH Mo]zn;:';dM,
HyBaHH: OETOHY AASl yTOYHEHOTO ap- €O | i, e0 X st
MYBAaHHS PO3TATHYTOI 30HH. B TabA.
3 NPEACTABAGHO PE3yABTATH Iiid- I [ 000328 -0.000557 | 0.001476 | 0.194083 | 0.2222 | 0.87337 | 0.00780 | 0.125168
) ) 2| 0.000656 | -0.001049 | 0.002843 | 0.388166 | 0.2308 | 1.68205 | 0.00442 | 0.230392
PaxyHKIB IIapaMETpIB HalIpyKEHO- 3| 0.000984 | -0.001476 | 0.004100 | 0.582249 | 0.2400 | 2.426036 | -0.00169 | 0.317093
A€POPMOBAHOTO CTAHY PO3PAXYHKO- 4 | 0.001312 | -0.001836 | 0.005248 | 0.776331 | 0.2500 | 3.10532 | -0.0033 | 0.386677
BOTO IIEpEpi3y NPH PaIjioOHANBHOMY 5 | 0.00164 | -0.002182 | 0.006287 | 0.970414 | 0.2609 | 3.71992 | 0.00569 | 0.440528
apMyBaHHi, BU3HAYCHOMY MAGOPOM. 6 | 0.001968 | -0.002427 | 0.007325 | 1.164497 | 0.2686 | 4.33451 | 0.00044 | 0.482107
Hanpyskerns B apMarypi Kow- 7 | 0.002296 | -0.002755 | 0.008419 | 1.35858 0.2327 4.98146 0.00&300 0.504028
. 8 | 0.002624 | -0.003066 | 0.009485 | 1.552663 | 0.27665 | 5.61223 | 0.00504 | 0.5165814
HOTO HIapy AN OCTAHHIX TOMOK G- 9 | 0.002952 | -0.003476 | 0.010715 | 1.746746 | 0.27551 | 6.34004 | 0.00418 | 0.5126546
raioTh Mekl Tekydocti -416,6MlIla vy 10 [0.00328 | -0.003772 | 0.011753 | 1.940828 | 0.27907 | 6.95463 | 0.00622 | 0.5062520
po3tArHyTiii 30Hi Ta 435 MIla y cruc-
HyTiit. Ha puc.5 nmpuBejena noBHa KpHBa CTaHy IIepe-
pi3y 4o pyiiHyBaHHA 6€TOHY CcTHCHYTOI 30HH. fIK BHAHO M, xH 1o
3 PUCYHKY, KPUBA CTaHy Iepepidy Mae HUBXIAHY TIAKY.
3rpi4H}(7) 3 };a6f}3. 3, MaKC};IMYI\I/)I Eec};fqol’ 34aTHocrine Bi,é}l,— o e
NIOBIJa€ TPAHUYHOMY CTaHy 3a JedopmaniaMu GeToHy oa A
(€,1=0.002624<0.00328) Ta apmatypu (¢,= -0.002616, ] /
T06TO GiAbIIIE 32 A6COAIOTHIM 3HaYeHHM &,= -0.002083, on Z
aAne 3HaYHO MeHIrre 3a &,,=~ -0.020). /
OCKIABKH BH3HA4Y€HA HECydYa 34aTHICTb Ganku M = 0.2 v
516 xH'M nepesumiye 3oBHinIHIN MOoMeHT M ,=506kH M /
Bcboro Ha 2%, mo Menie 5%, 11e 03HavaE, 1o HeoOXij- 94
Ha TOYHICTb PO3paxyHKy 3abe3rniedeHa. ToMy MoxHa BBa- . . N
JKaTH, 0 IponeC BUSHAYCHHSA apMYyBAaHHS 3aKIHYCHHH. 0 0.002 0.004 0.006  0.008 0.01 0.012  0.014

AAg gocAarHEHHA HEOOXiAHOI TOYHOCTI, AK IPABHAO, I10-
BTOPIOIOTh PO3PaxyHKH 2-3 pasu.

TakuMm 4uHOM, HpPAMUM HA60POM OTPHMAAU “TOY-
He” PIIIeHH: 1040 IIAOIIL APMYBAHHSA IIepepidy O6arkw,
3 ypaxyBaHHAM BHMOT KOHCTPYIOBaHH:A. BUKopHcToByIo-
qu gaHl TabA. 1 Ta BUXIAHI ZaHl, HABEJAEHI BUILE, MOKHA
OTPHMATH, B IIEPIIOMY HAOAMKEHHI, HEOOXiAHY BEAHYH-
HY PaljioHaAABHOTO ApMYBAaHHA 32 IEPHINM IIAXOAO0M IO

Popmyai (5):

fu 4166

= =0.002083 |
E. 200000

&

cul

—&y0 _ 0.00328 — (—0.002083)

N= =5.68705
dye,, 0.6-0.00169 ’
_fan 000328 4000

N 0961111 )

M_bfm’ FCM

2
4= N
C fu(x—dy)

0.506— 2317 629636

32.342538

—416.6(0.341271-0.5525)

=0.002758 >

OTpI/IMaHa BEANYHUHA HJ\OH_[i apMarypu MOKe 6YTI/I

Puc.5 /liarpama crany 3aAi3o6eToHHOI 6aAKH ITPH
YTOYHEHOMY apMYBaHHI

peanisoBana miicrema crpuwkaamu D25, A,=0.002946Mm
a6o marema crpwkasmu P28, A,=0.003079m>. ITlps-
MHM PO3PaXyHKOM, BUXOJAYH 3 KPATHOI IIAOIII PEaAb-
HUX apMaTypPHHX CTPHJKHIB 1 pO3TallyBaHHA IX ABOMA
HIapaMH, TAKOK OTPUMAHO CyMapHy ILAOIY apMyBaHHS
A,= 0,002946 M (6025). Tomy, MOKHA BBasKATH, 1O 3a-
AEKHICTD (D) A€ JOCTATHBO TOUHUIT pE3yAbTAT.

Buznaunmo parioHaAbHE apMyBaHHA 3a JPYTUM IIiA-
xogoM (puc. 2). Ilpu npoMy, SIK IMOKa3aB aHAAI3, HEMAE
HEeOOXiZHOCTI BUKOPHCTOBYBATH I'PAHUYIHHI gepopMoBa-
HUI CTaH 1epepisy. BHUKOHABIIN PO3paxyHKHU 32 3aNEK-
Hoctamu (9) Ta (10), orpumaemo:

D=4d§—W—Ed=4-o,5582—M:0,45173,
bcd 2
_ + 0.
. 2d02_/1\/1_) _ 2 0,552;'?8/0,45173 007743,

Jpyruii KopiHb pilIEHHA KBa/JpaTHOTO PIBHAHHA HE
€ AIMCHUM, OCKIABKH HOTO 3HA4€HHA IIEPEBUIIYE BHCOTY
nepepisy, o He BIAIOBIAAE APYTiit popMi piBHOBATH.

Buxopucropyiouu piBHAHHA (8) AN BUSHAYEHHA palii-
OHAABHOTO APMYBAHHS IIPU 3THHI OTPUMYEMO:
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Tabnuysn 4. Iopienanmusn pesyromamis cnpouenux nioxooia

ONA BUIHAUEHNHA NLOUE POIMALHYMOT apMamypu.

MaHUX OpAMuM migbopom. Bxazasi 3anexHOCTI
AO3BOASIIOTH TAKOK BU3HAYMTH 3HAYEHHS IIAOIIL

rornepeAubo Hapr)KCHOI apMarypH.

TTroma IMeprmii miaxiz Apyruii miaxiz Tperiit miaxia
apMaTypH, -
orpumana | mroma | moma | mroma | BIBAIOTPA®IUYHHUU CITHUCOK
NpsSMHUM | apMaTypH, BMXH;eHHH’ apmarypw, BMXH;EHHH’ apmarypH, BMXH/:;H_ 1 KOHCTPYKLIﬁ 6y,ZII/IHKiB 1 CIIOPYA. Beronni Tta
mg6opom, om? ? om? ? em? L 3aAi3006€TOHHI KOHCTPyKIil. OCHOBHI IIOAO-
ov? xkenust: /IBH B.2.6-98:2009.-[Yunnuii Big
29,46 27,58 6,8 27,17 8.4 28 5,2 2011-06-01]. — Kuis: AIT "Ykpapxbyain-
Popm". 2011. — 69 c.- (depxapni 6ya. Hop-
. . . MU YKpainm).
A, = LI -2.27743-93.0,8-17 0,002717.3”, 2 Koncrpykunii 61;7),ZII/IHKiB i cnopya. beronni Ta 3aaizo-

’ S 416,6

BuKOHABIIN CIIBCTABA€HHA 3 PE3YAbTATAMH BH3HA-
YEeHH IIAOIII apMaTypH B HAaBEJE€HUX BHIE ITPUKAAJAX,
MOKHA KOHCTATyBaTH, IO i B JAHOMY BHIIQ/JKy MH OTPH-
MYEMO [JOCTaTHbO TOYHUI PE3yABTAT.

BukopucroByoun TpeTiii mi/JxiJ AAA BUSHAYEHHA pa-
LIIOHAABHOTO apMyBaHHA IIPH 3TUHI, 32 popMyramu (12,
13) orpumaemo:

dy,nq  0.5525-0.00328
Eoned T €0 (0.00328+0.002083)

X1=

0.338m
[TepeBipsieMO BEAMYHMHY BHCOTH CTHUCHYTOI 30HH
x,<0.6d,. Bucora crucHyToi 30HH NPHOAM3HO JOPIBHIOE
0.6d, (0,338:0,6:0,56525=0,332). Tomy, mromty po3rsaray-
TOI apMaTypH OOYHCAIOEMO 3a 3aAesKHICTIO (14).
BignosigHo, HEOOXiAHA IIAOIIA APMATYPU CTAaHOBUTD:

-M ~0.506
4, = -
" 2f,(x—d,) 2-416.6(0.338-0.5525)

PospaxyHku 3a TppOMa CHPOIIEHUMH IiAX0JaMH JAAA
BHU3HAYEHHA IIAOII PO3TATHYTOI apMaTypH, IpPe/CTaBAE-
Hi B TaOA. 4, TOKA3yIOTb, IO BCl TPU MiAXO0/AH JAIOTD ITPaK-
TUYHO OZHAKOBUH PE3YABTAT.

/A po3paxyHKIB peKOMEH/0BAHO TPETIi MiAXij, THM
6irbIIe, Mo Hairpocrimi 3aneskHocTi (12) - (15) g03BOASA-
I0Th BU3HAYUTH IIAOIIY apMYBAHHA HE3AAEKHO BiJ TOTO,
AKy glarpamy gepopMyBaHHA OETOHY BHKOPHCTOBYIOTD.
Leit MmeToA pO3paxyHKy € HAHOLABIIT HAOAMAKEHUM /0 pe-
3yABTATIB, OTPIMAHUX IPAMHM IiZ00pOM.

=0.0028".

BHCHOBKHU

AHani3 cUCTEeMH pIBHAHL JAA BU3HAYEHHS HECYYOL
3J4aTHOCTI €AEMEHTIB MPAMOKYTHOTO TIEPEPI3y MPH 3TUHI
AO3BOAMB 3AKAIOUUTH, 1O MONEPEAHIO BEAUYHHY TIAOII
apMyBaHHA PO3TATHYTOI 30HU MOKAMBO BU3HAYUTU aHA-
AITHYIHIM IIASXOM.

[IpeacraBaenuii aHaAi3 TPsAMOTo MAGOPY 1 TPHOX Mig-
XOAIB O BH3HAYEHHA IINOIII apMaTypH IPsSMOKYTHOTO
nepepisy 3 OJHUM IAPOM apMyBaHHs IIOKa3as, IO  BCl
BOHH /JAIOTh IIPAKTUYHO OJHH 1 TOM K€ pPEe3yAbTaT.

PexkomeH/j0BaHO BHUKOPHCTOBYBATH HAHIPOCTIMI 3a-
AeskHOCTI (12) - (15), AKI Z03BOAAIOTH BU3HAYUTH IIAOIIY
apMyBaHHA HE3AA€KHO BiJ TOTO, AKY glarpamy Jedopmy-
BaHHA 6€TOHY MH BUKOpUCTOBYeMO. Lleii po3paxyHOK Jae
pe3yAbTaTH, HAMGIABIT HAGAMKEH] JO PE3YABTATIB, OTPH-

3

1

6eTonHl KOHCTPYKLil 3 Basxkkoro 6Gerony. IlpaBuaa
npoektysanss: ACTY b B.2.6-156:2010.-[Yunauit
Big 2011-06-01]. — Kuis: AI1 "Ykpapx6yainpopm".
2011. - 118 c.- (HamionaabHUI crasgapT Y KpaiHH).
Andriy Bambura, Oleksandr Gurkivskiy, Marianna
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RANGE OF APPLICATION AND
ADVANTAGES OF CLAYDITE CONCRETE

At the present time ensuring the energy performance
of buildings is one of the key directions in the construction.
In our climatic zone the main item of expenses is domestic
space heating. In this regard, the use of structural
lightweight concrete becomes increasingly in demand.

To date, in CIS countries, claydite concrete is used in
the construction of 10-15 % of residential buildings, while
in Western Europe its share reaches 40 %. This type of
concrete is particularly popular in Germany, the Czech
Republic, the Netherlands and the Scandinavian countries.
The claydite concrete blocks are often called "bioblocks"
because of their high environmental performance. For
its thermal conductivity, claydite concrete is almost equal
to aerated concrete, but the strength and deformation
characteristics of claydite concrete are much higher, which
allows using it for manufacturing not only enclosing, but
also bearing structures. Moreover, claydite concrete is
one of the least expensive building materials.

Forinstance, claydite concrete as a material for covering
has practically no equal products in its price category,
since heavy concretes have high thermal conductivity,
and almost all lightweight concretes have low strength.
The main disadvantage of claydite concrete is moisture
permeability, that is, waterproofing is mandatory.

Research of the claydite composition forming, its
strength and deformation behavior [1-5], claydite
production technology [6, 7], materials [8] and structures
[9-12] on claydite basis is scientific interest. The works
[13, 14] are devoted to peculiarities of stress-strain state
of claydite buildings.

EXPERIMENTAL INVESTIGATIONS

Significant characteristics of strength and deformability
of concrete (in particular, claydite concrete) include the
upper and lower limits of microcracks formation. Before
reaching the lower limit of microcracks formation, the
number of contact microcracks in the body of concrete is
insignificant, and they can be neglected. When the limit
is exceeded, the number of microcracks, their length and
opening width substantially increase and the combined
microcracks appear. They cause the sliding of coarse
aggregate grains relative to the cement matrix without
disturbing the system stable state, which results in the
manifestation of concrete inelastic properties.

The further load increase leads to the microcracks
merging into macrocracks, and so the upper limit of
microcracks formation is reached. The macrocracks
divide the structure of concrete into blocks that begin
to shift relative to each other. At this stage of loading
there are the irreversible destructive processes resulting
in concrete disintegration under the further application
of load even without its increase. Thus, a risk of fatigue
failure during prolonged loading arises.

The purpose of the performed experimental studies
was to determine the specifics of the claydite concrete
work at the microcracks formation stage in comparison
with the traditionally used heavy concrete.

These features were found out by means of testing the
standard samples in the form of prisms with dimensions
of 150 X 150 X 600 mm and the cylinders of 150 mm in
diameter and 300 mm high. The prototypes were made
of heavy concrete (coarse aggregate of crushed stone)
and claydite concrete (coarse aggregate of expanded-clay
gravel produced by JSC "Expanded-Clay Gravel Plant
Novolukoml). The fraction of coarse aggregate for all
series of prototypes was 5-20 mm. The fine aggregate
was quartz sand with a size modulus of 1.8, cementing
aggregate was Portland cement grade M 500 of JSC
"Belarusian Cement Plant". The water-cement ratio was
0.55 + 0.05.

The manufacture of test samples from claydite
concrete and their testing were carried out by the post-
graduate student I. Meliantsova at the Belarusian-Russian
University Department of Building Structures, Buildings
and Constructions.

Based on the tests results, the relative loads
corresponding to the upper and lower limits of
microcracks formation (nvcre and n0crc, respectively)
were determined for claydite concrete and heavy concrete.

The upper limit nvcre was determined as a peak point
of the graph "Loading level r} - volume strain eV", and the
lower limit n0crc was determined by taking the second
derivative of the dependence "Loading level 1) - Poisson's
ratio V" (from the correlation curves of the dependences

2.
4y ) [15-18].

dn?

«d_v - and «
dn

PROPOSALS FOR CALCULATING THE
RELATIVE LOADS CORRESPONDING TO
THE UPPER AND LOWER LIMITS OF
MICROCRACKS FORMATION

Based on experimental data, it is established that there
is a linear relationship between the values of relative loads
for the upper and lower limits of microcracks formation.
The ratio of the values of load level corresponding to the
lower limit of the microcracks formation to the value of
the load level corresponding to the upper limit remains
constant regardless of concrete grade [18]:

—o= = const. (1)

cre
0
The value of ratio —& can be taken

ncrc 0
— for heavy concrete as L\;“ ~0,67[18];
and Ccre
0
—for claydite concrete as nvac ~ 0,60 (according to the
obtained experimental data).

The empirical coefficient £, taken according to the

cre

0
value of ni/fc can be used for the calculations of concrete

ncrc
and reinforced concrete structures as follows:

0
— T]crc
kcrc_ kcl ' T]Zrc (2)
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Table 1. The comparison of the experimental and theoretical values of the

relative loads corresponding to the upper 7Y pye and lower g
microcracks formation

cupola slag as fine aggregate were also
studied [18]).

In Table 1 the experimental and

cre limits of

Deviations of | calculated relative values of loads
Experime | Ratio Mo oo | Calculated Calcmiiz(:nvalues corresponding to the upper and
Strength | ntal values Noe Coeffici| . "|  values experimental | 1OWer limits of microcracks formation
fom, MPa entky ke ones, % are compared for samples of claydite
 |experim , , concrete and heavy concrete.
e | e eriual accepted Moo | Wae | A'ac | Afle As can be se}én from Table 1,
Claydite concrete the dependencies proposed for the
9.1 |041]071] 0,58 0.6 1,2 072 [037]062] 86 120 | Jetermination of the upper and
107 10441073 0.0 0411066} 6.l 0.2 lower limits of microcracks formation
11,2 10,44|0,73| 0,60 0,42 | 0,67 3,6 7,7 K
5.9 [050]0.75] 0.67 0511076 | 1.5 .0 | ensure the satisfactory convergence
177 10.45]0.75] 0,60 053 | 0,78 | -18.4 44 | with experimental data. The assigned
Heavy concrete values of the empirical coefficients are
18,7 [0,51]0,75] 0,68 0,67 1,0 [ 067 [050]075] 25 0.3 | adequate.
19,4 ]0,58[0,85| 0,68 0,51 | 0,76 12,8 11,1
61 Toms[oss] 0es 059 0si | 1og | og | CONCLUSIONS
282 [057[084] 063 059 [08e| 32 02 The value of the coefﬁagnt kere can
29.0 0.58]0.86] 0.67 050 081 25 18 be used to evaluate the efficiency of the
- o la usage of the various types of concrete for
Average deviation (in absolute value) is Anm:Hz‘Ancm 6,4 4,7 the construction of structures operating
i=1

The coefficient k,, is introduced into formula (2) with its
value being specified for claydite concrete as k,, = 1.2 (for
heavy concrete and some other types of concrete k., =1.0
is used [18]). This coeflicient is introduced because of the
specificity of claydite concrete work under static loading:
the initial elasto-plastic modulus of claydite concrete is
lower and the final one is higher than for heavy concrete.

Thus, according to formula (1) we obtain:

— for heavy concrete

k. =1.0-0.67 = 0.67;
and
— for claydite concrete

k,. =1.2-0.60 = 0.72.

To determine the relative values of loads corresponding
to the upper and lower limits of microcracks formation,
the dependences (formulae (3) and (4)) are proposed,
in which, in addition to the concrete strength, the type
of concrete is taken into account (in contrast to the
dependences proposed by O. Berg [19]).

f
no. = 0,33k, -In—"-—0,15;
cm,0

f

cm

@)
4)

Mo = 0,33k, -In +0,1,
cm,0

wheref,, is an average strength of concrete, MPa; and f,,,,
is asingle value of a concrete average strength, f,,,,= 1MPa.

The natural logarithm use in formulas (3) and (4)
instead of the decimal one [19] allows to calculate 7, and
Ngere 1N @ wider range of strengths, and the introduction
of the empirical coefficient kcre makes the proposed
dependences universal and applicable for concretes of
various types (in addition to heavy concrete and claydite
concrete, steel fiber concrete on the basis of a factory
made "Vulkan Harex" fiber and concrete with the use of

under the conditions of varying loads
(for instance, natural or low-cycle loads). The higher the
value of the coefficient kcrc is, the more stable will be the
work of concrete under the action of a variable static load,
since the upper limit of microcracks formation will be
higher (for the same strength characteristics).

Thus, the coefficient value k,,, = 0,72 indicates a higher
low-cycle adaptability of claydite-concrete in comparison
with traditional heavy concrete. This assumption
requires empirical verification, since such studies have
not been carried out so far, but an argument in favor of
this assumption is the fact that the values of n0crc and
nvere for claydite concrete exceed the corresponding
characteristics of the axial compression strength for heavy
concrete of the same grade.

The advantages of lightweight concrete in comparison
with other traditional types of concretes are not only a
low value of specific weight, low thermal conductivity
and sound permeability. High values of relative loads
corresponding to the upper and lower limits of microcracks
formation make it reasonable to use structural lightweight
concretes for the manufacture of structures subject to low-
cycle static loads.
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THE STABILITY OF THE FORM OF EQUILIBRIUM

OF DISCRETE SYSTEMS

ABSTRACT. The paper presents an algorithm for
calculating the stability of the form of equilibrium of
the first kind of compressed discrete systems by the
method of displacements in combination with the
methods of iterations and bisection. The use of the
displacement method in combination with the iteration
and bisection methods makes it possible to effectively
determine the minimum critical stress or strain at the
first bifurcation and their corresponding form of loss
of stability, both for statically determined and statically
undetectable systems. This approach, using matrix
forms, makes it possible to significantly simplify the
calculations of the analytical condition for the loss of
stability of compressed discrete systems (the stability
loss equation), which has high orders, as well as to
construct the form of loss of stability corresponding
to a critical load, that is, to solve the problem of loss
of stability of equilibrium. The calculation of the
compressed discrete system on the stability of the
form of equilibrium actually reduces to the solution
of the difficultly described nonlinear transcendental
equation, which is the equation of loss of stability. The
difficulty lies in the absence of an analytical solution
of such an equation due to the presence of complex
functions of Zhukovsky, which have transcendental
functions in their structure. Such solution can be
performed only with the use of numerical methods.
This algorithm for calculating the loss of equilibrium
of the first kind of compressed discrete systems by

displacement in combination with the methods of
iteration and bisection is implemented in the software
complex "Persist" for a PC in Windows OS. The
program was approbated and implemented in the
educational process at the Department of Structural
and Theoretical Mechanics of the Poltava National
Technical Yuri Kondratyuk University during the
training of specialists in engineering specialties.

KEYWORDS: stability, critical state, critical load,
critical stress, loss of stability of the form of equilibrium
(deformation), bifurcation, form of loss of stability,
iteration, bisection.
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AATOPUTM 1 IIPOTPAMHUM KOMIIAEKC
AAA PO3PAXYHKY CTIMKOCTI ®OPMHU
PIBHOBATH AUCKPETHHX CUCTEM

AHOTAIIIA. Y crarti HaBeJE€HO AATOPUTM poO3pa-
XYHKY CTIKOCTI (OpMH pIiBHOBAru IEPIIOrO POAY
CTHCHYTHUX JAHCKPETHHX CHCTEM METOJAOM IIepeMi-
ImIE€Hb Y CYKYIHOCTI 3 MeTOoJaMHu iHepuii Ta Oicekiil.
BuxopucranHs MeTOAY IE€peMilieHb Yy CYKYITHOCTI 3
METOoZaMHu itepaniii Ta 6iceknii Ja€ MOKAHBICTL ePek-
TUBHO BH3HAYaTH MiHIMAAbHE KPUTUYHE HABAHTAKEH-
HA Y4 HAUPYKEHHA NpH nepmiit 6ipypxamii Ta Big-
HOBIAHY iM pOpPMY BTpPATH CTIMKOCTI, AK AAA CHCTEM,
IO CTATUYHO BH3HAYAIOTHCS, TAK 1 JAAS CHCTEM, IO
CTaTUYHO HE BU3HAYAIOTHCSA. TaKuil miAXlg 3 BHKO-
PHUCTaHHAM MATPHYHHX POPM A€ MOKAHBICTH CyTTE-
BO CHPOCTHTH PO3PAXYHKH AHAAITHIHOI YMOBH BTpa-
TH CTIMKOCTI CTHCHYTHX AUCKPETHUX CHCTEM (PIBHAH-
HS BTpATH CTIMKOCTI), KOTpa Ma€ BUCOKI NMOPAJAKH, A
TakoK 1oOyAyBaTH BIAIIOBIAHY KPUTHYHOMY HaBaH-
TQKEHHIO (POPMY BTPATH CTIHKOCTI, TOOTO BHPIIIHTH
3a4a4dy BTpaTH CTiliKocTi piBHOBaru. PozpaxyHok cruc-
HyTOI AUCKPETHOI CHCTEMH Ha CTIMKICTb pOPMH pPiBHO-
Baru paKTHYHO 3BOAUTLCA A0 PO3B A3YBAHHSA CKAAJHO
OIIMCAHOTO HEAIHIITHOTO TPAHCIEHAEHTHOTO PIBHAH-
HA, AKUM € PIBHAHHA BTpaTH crifikocTi. CKAQZHICTD
IIOAATA€ Y BIACYTHOCTI AHAAITHUYHOTO pO3B A3aHHA
TAKOrO PIBHAHHSA dYepe3 HaABHICTb CKAAJHHUX (PyHK-
niii 7JKyKoBCbKOroO, AKI MalOTh y CBOEMY CKAAZl TPAHC-
neHAeHTHI ¢pyHKLil. Takuii po3s’ 430K MOKHA BHKOHA-
TH AHIIE 3 3aCTOCYBAHHAM YHCEABHUX MeToA1B. /Janunii
AATOPUTM PO3PaxyHKy BTpaTH CTIMKOCTI piBHOBaru
IIEPIIOTO POAY CTUCHYTHX JHCKPETHHX CHCTEM METO-
JAOM I€peMillleHb B CYKYIHOCTI 3 METOJaMH iHepIiil
Ta 6icekiii peari3oBaHUN y IPOTPAMHOMY KOMIIAEKCI
«Persist» gaa IIEOM B OS Windows. ITporpama mpo-
HIAA anpobartiio Ta BIPOBAKE€HA B HABYAABHUIM ITPO-
nec Ha Kadeapi OyaiBEABHOI Ta TEOPETUIHOI MEXAHIKU
IToATaBCBKOTO HAIJIOHAABHOTO TEXHIYHOTO YHIBEpCH-
tety imeni l0pia Kongparioka npu nigrorosui ¢gaxis-
11iB IH)KEHEPHHUX CIIEIIaABHOCTEH.

KAIOYOBI CAOBA: criiiKicTh, KPUTHYHUI CTaH,
KPUTUYHE HABAHTAKEHHA, KPUTHUYHE HAIPYKEHHA,
BTpaTa CTIMKOCTI ¢opMmMu piBHOBaru (gedpopmarii),
6ipypramisa, ¢opma BTpaTH CTIMKOCTI, IiTepamis,
bicekisa.

INTRODUCTION

There are various methods for calculating the
stability of the shape of the equilibrium of discrete
systems, due to the large volume of computations
associated with the solution of the analytical condition
for the loss of equilibrium stability. The solution of
the analytical condition for the loss of stability of the
equilibrium of compressed discrete systems, which
has high orders, and the definition of the critical load
of the form of loss of stability, is one of the topical
problems.

REVIEW OF RECENT SOURCES OF RESEARCH
AND PUBLICATIONS

The solution of the problem of calculating
the analytical condition for loss of stability of the
equilibrium of compressed discrete systems, which
has high orders, and the determination of the
corresponding critical load of the form of loss of
stability, generated a large number of methods by
many mathematicians (Krylov, Laverier, Danilevsky,
Jacobi (iterations) [1 — 10] etc.).

PARTS OF THE COMMON PROBLEMS THAT
EARLIER UNSOLVED

The calculation of the compressed discrete system
on the stability of the form of equilibrium actually
reduces to the solution of the difficultly described
nonlinear transcendental equation, which is the
equation of loss of stability. The difficulty lies in the
absence of analytical solution of such equation due
to the presence of complex functions of Zhukovsky,
which have transcendental functions in their
structure. Such solution can be performed only
with the use of numerical methods. This problem of
calculating the analytical condition for loss of stability
of the equilibrium of compressed discrete systems,
as well as the determination of the critical load of
the form of loss of stability, is proposed to solve by
displacement, iteration and bisection methods, which
makes it possible to significantly simplify calculations.

PURPOSE OF THE WORK

The purpose of the work is to develop an
algorithm and software for the PC in Windows OS,
which will enable students and engineers to automate
calculations of stability of equilibrium forms of
compressed discrete systems.

MAIN MATERIAL AND RESULTS

The algorithm for Calculation of the loss of
stability of the form of equilibrium of the first kind
of compressed discrete systems by the displacement
method in combination with the methods of iterations
and bisection with examples is given in [11]. It is
implemented in the software package "Persist" for a
PC in Windows OS.

In the Department of Structural and Theoretical
Mechanics the «Persist» program was developed and
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implemented on the PC. To solve this engineering
task this computer program is implemented in a
modern compiler, contains several subroutines that
are combined and presented in the form of the same
software complex.

General algorithm for calculating stability by the
program "Persist".

Generalized structural scheme of solving equation
of loss of stability:
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The calculation of the compressed frame on the
stability of the form of equilibrium implies forming
a loss-stability equation by yourself. Only after
completing and checking the equation of loss of
stability as a nontrivial solution of a homogeneous
system of canonical equations, a user uses a PC to
solve stability of the equilibrium form according to
the "Persist" program.

The calculation of the compressed discrete
system on the stability of the form of equilibrium
actually reduces to the solution of the difficultly
described nonlinear transcendental equation, which
is the equation of loss of stability. The difficulty
lies in the absence of an analytical solution of such
equation due to the presence of complex functions
of Zhukovsky, which have transcendental functions
in their structure. The arguments of the functions of
Zhukovsky are the values of the parameters of the
compressed rods parameter t.

The main points of describing the source data in
the program «Persist».

1. Description of the compressed rods parameters.

The dialog for describing the parameters of
the compressed rods is activated by pressing the

with zero value of longitudinal
force are not part of the ones
described.

2. Introduction of elements of
equation of loss of stability
of the form of equilibrium.

Determination of the first
real root of the equation of
equilibrium of loss of stability.

3. Criteria setting for iterative

calculation.

As a precision criterion, the
"Persist" program uses the so-
called absolute criterion when the
process of iterative refinement of
the root stops when the absolute value of the desired
root does not exceed the value of the given error,
which is recommended to set in the range 106 ... 10-4.
Fig. 6 shows an activated menu item for adjusting the
criteria for an iterative calculation.

xit from the cycle
and outputting
results
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4. Directly solving equation of stability in «Persist».
As noted above, solving the equation of loss of
stability of the form of equilibrium involves the use of
numerical methods. Thus, in the "Persist" is organized
an iterative process of solving a complex nonlinear

[ Master of Zhukovsky functions: |EREG—_G—G—GGEEE—

Parameter t:
Tt 12

v ot 15)

t 26

Fig. 4. Visual components of description control
element 1.1 of stability equation loss of the
equilibrium form
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equation using the chord method in conjunction
with refinement on its iterations by the method of
bisection. The search for the interval of existence of
the first root is carried out by the method of selection
as for the method of dichotomy. The process of
iterative refinement of the root continues until the
root value reaches the given accuracy.

For a solution already described in the program
"Persist" equation of loss of stability of the form of
equilibrium, the user must use the item in the main
menu "Calculate", Fig. 2.

5. Analysis and verification of calculation results.

As you know, transcendental equations can
have not one root due to the presence of periodic
functions. According to the physical content of the
equation of loss of stability, we are interested in the
first root, which corresponds to the minimum critical
value of the basic parameter of the compressed rod .
On its basis, the critical values of the parameters of
all compressed rods are determined as: , where ki -
coefficient of reduction of compressed rods lengths.

It is necessary to emphasize the prevention of the
passage of the first root when numerically iterative
solving of such equation. To do this, you need to
analyze the results. As a rule, it is enough to visually
assess the type of graph of the dependence of the
determinant of stability of the form of equilibrium
from the value of the basic parameter tOcr (Fig. 7).

Fig. 8 and Fig. 9 shows the results of the solution
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Fig. 9. Graphic representation of the solution of the
stability loss equation

the equation of stability loss of the form of equilibrium
in table and graph forms.

The user is able to adjust the accuracy of the
graphical display of the solution of the equation of
stability loss (Fig. 10). A calculator is available for
the user which allows calculate the values of critical
longitudinal forces (Fig. 11).

6. Saving the results and getting a copy of them.

For the possibility of further analysis and processing
of the results of calculations in the "Persist" is provided
the possibility of saving them in a text file. To do this,

*‘0 w

Graph in a new range:

|
R

&

X Cancel I

Fig. 10. Settings of the graphical representation
of the equation of loss solution of stability of the
equilibrium form

The initial value of the argume nt (t0):
The final value of the argument (t0):

Number of points

of critical forces of

Fig. 11. Calculator for calculating critical
longitudinal forces

use the appropriate menu item "Save" in the viewport
of the main results, see Fig. 2. In this case, all actions
of saving file are absolutely similar to those used in
any Windows program (Fig. 12).

A text file with results can be downloaded to any
text editor to prepare for printing in a more user-
friendly format.

7. Main properties of “Persist” software

Requirements for PC system resources. The
program uses the Windows operating system. For
ease of use, we recommend using monitors with a
resolution of 800x600 pixels.

Software package Persist consist of files:

- Persist.exe (mandatory) — main program file;

- Persist.hlp (recommended) -help file for using

“Persist”;

- Persist.ini (optional) — initializing the values
of the search criterion for the root equation of
stability, can be created automatically;

- Persist.txt (optional) —file with a short description
of the program;

- Demo*.dtm (optional) - demo files of the
described equations of stability, which can be
downloaded for calculation and analysis.

Copyrights. The program can be freely distributed,
and authors are not liable for any losses incurred as a
result of using this program (data loss, financial loss,
etc.).

Due to the constant improvement of the program,
authors recommend that you follow the release
number in the About menu.

Installing software package «Persist» on PC. For
correct operation of the program "Persist" you should
install it on the hard disk of the PC. It is not desirable
to launch the program directly from the CD. This is
due to the need in certain cases saving data on hard
disk. To install the "Persist" program on a PC, you
need to copy the "Persist" subdirectory to the PC hard
disk.

Conclusions. The algorithm and program complex
"Persist" for the PC in Windows OS are developed.
This computer program is implemented in a modern
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compiler, contains several subroutines (utilities),
which are combined and presented in the form of the
same software complex. It will enable students and
engineers to automate calculations of the stability of
the equilibrium form of compressed discrete systems,
calculate critical loads (stresses) and determining the
corresponding principal forms of oscillations. The
program has been approbated and implemented
in the educational process at the Poltava National
Technical Yuri Kondratyuk University during the
training of specialists in engineering specialties.
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INIABUINEHHA AOBI'OBIUYHOCTI AEI'KHUX
KOHCTPYKIJIMHUX BETOHIB JAA TIAPOTEXHIYHHUX
I TPAHCIIOPTHHX CIIOPYZ HIAAXOM OBPOBAEHHA
IIOBEPXHI ITIOPUCTOI'O 3AIIOBHIOBAYA

AHOTADIIA. /JAg rigpOTeXHIYHHX 1 TPaHCHOPTHUX
cropy4 €PEeKTUBHHUM € BHKOPHUCTAaHHA OETOHIB Ha
A€TKHX IOPHCTHUX 3aIOBHIOBAaYax. 3O0KpeMa, AErKi
6€TOHHM IIHPOKO BHKOPHUCTOBYIOTH JAAA IIAABYYHX
3aAi300€TOHHUX CHOPYJ, TAKUX AK HaPTOBUAOOYBHI
nAaTGoOpMH, IAABYYL JOKH, TOTEAl Ta OyAWHKH.
YKkpaiHa € ogHi€o 3 HebaraTboX KpaiH, [0 BOAOAIOTD
TEXHOAOTIEIO 3aAI306€TOHHOTO CyA4HOOYAyBAHHA.

ITpoanani3oBaHO IOBOAKEHHS IOPHCTOTO 3aIO-
BHIOBa4Ya B CTPYKTypi OetoHy. Bigomo, mo npu
TBEpAiHHI 6€TOHy BiAOYBAETHCA aKTUBHUI OOMIH
PEYOBHHOIO MIK 3alloBHIOBadeM 1 Marpuneio. Kpim
TOro, Ha BAACTHBOCTI 6€TOHY BIIAHBAE a4T€314 MaTPHIIL
4O 3aIOBHIOBAaYa 1 ycagka-HaOyXaHHA 3allOBHIOBA-
qya. IIpu TBepinHi 6eToHy B HOro CTPyKTypl yTBO-
PIOIOTBbCA TPIMIUHHE 1 BHYTPIIIHI ITOBEPXHI IIOJIAY.
ITo mux TpimuHAX, IOBEPXHAX IOAIAY 1 mopam y
MaTpPHIIl Ta 3aIIOBHIOBAYI IIEPEJAIOThCA PigUHA 1 ras.
BignoBigzHO, AAA MiABHIEHHSA JOBIOBIYHOCTI 6€TOHY
riApOTEeXHIYHUX 1 TPAHCIOPTHHUX CIIOPYAU HEOOXiZHO
3MEHIIUTH HOTr0 NPOHHKHICTS.

3amnpomnoHoBaHo gBa MeToAu 06poOAOBaH-
Hf TIOBEPXHI IOPHCTOro 3amoBHIOBada. l[lepimii
— Tigpo¢obizanis MOBEpPXHI KPEeMHIHOPTaHIYHOIO
piauHOIO ONTHUMaAbHOI KoHmeHTpanii. Hegonikom
IIbOI'O METOAY € HeOOXIAHICTh BUKOHAHHA J04aTKOBOI
TeXHOAOTIYHOI omepanii. Byro BcraHoBA€HO onTH-
MaAbHY KOHIIEHTPALil0 KPEeMHIHOpPraHigHOI CKAa-
AoBoi B emyabcii. /Apyruii meroj - obpobreHH:A
IIOBEPXHI 3aIIOBHIOBAYA IIEMEHTHOIO CYCIEH3IEIO.
Ileit MeTOA IPOCTIIIE ITEPIIOro, TOMY IO 06pOOAEH-
HA 3/1HCHIOITL 6e3rnocepesHbo MiJg 4Yac HPUTOTY-
BaHHA 6eToHHOI cy™mimi. O6uABa METOAH 3HUIKYIOTDH
NPOHHKHICTL CTPYKTYPH, 32 PAXYHOK YOTO iABUITYIOTh
MIIHICTb Ta AOBTOBIYHICTH Getony. Ilepmmit MeTogq
6iAbII €PEKTUBHUHI AAA KepaM3UTOOETOHIB IIAABY-

YUX Ta IHIIUX TiAPOTEXHIYHHX CIOPYJ, AAA AKHX
BAKAMBA €KCIAYaTaLlliiHA BOAOTICTH H6eTony. /pyruii
MeTo/ OIAbII epeKTHBHHI AAA GETOHIB HA IIPUPOJ-
HHX IOPHUCTUX 3alOBHIOBAYaX, TOMY IO IiJBHUIIYE
oAHOPiAHICTL 6€TOHY.

Y ninoMy, 3aBJAaHHA INiJBHUIIEHHA JOBIOBIYHOCTI
6eToHiB HAa IOPUCTHUX 3allOBHIOBAYaX Mae€
BUPINIYyBATUCA KOMIAEKCHO. KpiM 06pobaenns 3amo-
BHIOBAaYa HEOOXIZHO 3aCTOCOBYBATH XiMidHI 400aBKH,
30KpeMa KOMIIAEKCHI MOAUPIKATOPH, IO BKAIOYAIOTh
cynepnAacTuPikarop i KoAbMmaTyiouy gobaBky abo
cyneprnaactudiraTop i MikpokpemMHeseM. OTpuMaHO
MoAHu(pikoBaHI 6€TOHM Ha A€rKHX 3allOBHIOBAYax 3
BOJOHENPOHHKHICTIO 70 W14.
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ITIOBBIMIEHHUE AOATOBEYHOCTH
AEI'KHX KOHCTPYKITMOHHBIX

BETOHOB AAA THAPOTEXHHYECKHUX H
TPAHCIIOPTHBIX COOPYXEHUM ITYTEM
OBPABOTKH ITIOBEPXHOCTH IIOPHUCTOI'O
3AIIOAHHUTEAA

AHHOTAIIMUA. /IAs rugpOoTEXHUYECKUX U TPAHC-
IIOPTHBIX COOPYKEHUH dPPEKTUBHBIM ABAAETCA
HCIOAB30BaHHE GETOHOB HA A€TKHX ITOPHCTBIX 3AMOA-
HHTEAAX. B wacTtHOCTH, Aerkme OETOHBI IIHPOKO
HCHOAB3YIOT AASI HAABYYUX KEA€300€TOHHBIX COOpPY-
KEHHH, TAKUX Kak HedpTes00bIBAIOIIHE ITAATGOPMEI,
IIAABYy4YHE€ JOKH, OTEAH M AOMA. YKPAUHA ABAAETCA
OJAHOI U3 HEMHOTHUX CTPaH, 00Aa4a0IuX TEXHOAOTU-
eli ;KeAe300€TOHHOTO CyOCTPOEHHUS.

[Ipoanarusupopana pabora HOPHCTOrO 3aNOAHH-
TeAs B CTPYKType 6eTtona. 3BecTHO, 4TO IIpH TBEP-
AeHun 6€TOHA IPOUCXOAUT AKTUBHBIN OOMEH Belle-
CTBOM MEXJYy 3aloAHuUTeAeM U Mmatpuneil. Kpowme
TOTO, Ha CBOICTBa O€TOHA BAUAET AATe€3UsA MaTpU-
IbI K IOPUCTOMY 3AIIOAHHMTEAIO U ycagKa-Habyxanue
3anoaHuTeAd. [lpu TBepaenun 6eToHa B €T0 CTPYKTY-
pe ob6pa3yroTcs TpelmuHbI U BHYTPEHHHUE ITOBEPXHO-
ctH pasgera. I[lo gaHHBIM TpemuHAM, OBEPXHOCTAM
pasjeAra ¥ IMopaM B MATpHUIlE U 3AIIOAHUTEAE Iepe-
Aaerca KHUAKOCTh U 1a3. COOTBETCTBEHHO JAAA IIOBBI-
IIEHUA JOATOBEYHOCTH O€TOHA THAPOTEXHUYECKHX
U TPaHCHOPTHBIX COOPY:KEHUA HEOOXOAUMO YMEHb-
IIUTh €TO POHHIIAEMOCTbD.

[Ipearoxeno a8a meToja 06paboOTKH MOBEPXHOCTH
IIOPHUCTOTO 3anoAHHTeA:. [lepBrIil MeToA — THAPOPO-
6u3anusa MOBEPXHOCTH KPEMHHHOPraHUYECKOU KHUJ-
KOCTBIO ONITUMaAbHOH KoHIleHTpanuu. HegocraTkom
AAHHOTO METOAA SIBASIETCH HEOOXOAUMOCTh BBIITOAHE-
HHA JOTOAHHTEABHOH TEXHOAOTHYECKOH OIepariui.
brina ycTaHOBAEHA ONTHMAaAbHAsA KOHIIEHTPAIUA
KPEMHHHOPraHUYeCKOH KHAKOCTH B SMYABCHH OT
0.6 10 0.7%. Bropoii meTog — o6paboTka MoOBEPXHO-
CTH 3aIIOANHHTEAS LEMEHTHOH cycnensueil. /annbrii
METO/J MEHEE CAOKHBIH, TaK Kak 06paboTKa Npou3so-
AHTCA HEIIOCPEACTBEHHO IIPH IIPUTOTOBA€HHHU 6ETOH-
HOll cmecu. Ob6a MeToja CHMKAIOT IPOHHUIIAEMOCTD
CTPYKTYPBI, 32 CYET HYEro IOBBIMAETCA MPOIHOCTDH
U JOATOBEYHOCTh OETOHA, 4 TAKKE IOBBLIIAIT €ro
rpoyHocTb. IlepBsiii MeTog 6onee DPPEeKTHBEH AAA
KEpPaM3UTOOETOHOB MIAABYYHX U APYTHX I'HAPOTEXHH-
9YECKUX COOPYKEHUM, A KOTOPBIX BAKHA DKCIIAYa-
TAIIHOHHAA BAQKHOCTL OeToHa. BTopoii meTog 6oaee
apPexTuBeH AAsA 6E€TOHOB HAa NIPHPOAHBIX IOPH-
CTBIX 3AIIOAHUTEAAX, Tak Kak 00paboTKa ImOBEpPXHO-
CTH 3AITOAHHUTEAS MOBLIIAET 0JHOPOJHOCTL G€TOHA.

B neaom 3aja49a NOBBIIEHUS JOATOBEYHOCTH HeTo-
HOB Ha IOPHUCTBIX 3AIIOAHHTEASX JOAKHA PeEIIaTh-
€Sl KOMIIAEKCHO, T.€. TOMUMO 00paboTKH 3alIOAHUTE-
Al HeOOXOAMMO UCTIOAB30BAThH XUMHUYECKHE JOOABKU.
YCTaHOBAEHO, 9TO AAA 6€TOHA I'HAPOTEXHUYECKHX U
TPAHCIOPTHBIX COOPYKEHUH dPPEKTUBHBI KOMIIAEKC-
Hbl€ MOAU(PHUKATOPBI, BRAIOYAIOIIHE CYIIePIAACTHH-

KaTop U KOABMATHPYIONYIO AJ00ABKY AU CyNepIAa-
cTUPUKATOP U MUKpOKpeMHeseM. IToayueHbsl Mogu-
¢unupoBaHHbIe 6ETOHBI Ha AETKHX 3AIIOAHHTEAAX C
BOJOHENPOHUIIAEMOCTLIO 40 W14,
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INCREASING THE DURABILITY OF
LIGHTWEIGHT STRUCTURAL CONCRETE FOR
HYDRAULIC ENGINEERING AND TRANSPORT
STRUCTURES BY TREATING THE SURFACE OF
A POROUS AGGREGATE

ABSTRACT. Concretes on lightweight porous
aggregates are effective for some hydraulic
engineering and transport structures. In particular,
lightweight concretes are often used for floating
reinforced concrete structures (oil platforms, floating
docks, hotels, houses). Ukraine is one of the few
countries that have the technology of reinforced
concrete shipbuilding.

The work of the porous aggregates in the concrete
structure was analyzed. It is known that the active
substance exchange occurs between the aggregate
and the matrix when the concrete hardens. Also on
the properties of concrete affects the adhesion of
the matrix to the porous aggregate and shrinkage-
swelling of the aggregate. When concrete is hardened,
cracks are forming in its structure. Liquid and gas
are transferred through these cracks and pores in
the aggregate. To increase the durability of concrete
hydraulic engineering and transport structures it is
necessary to reduce its permeability.

Two methods for treating the surface of a porous
aggregate have been proposed. The first method
is the hydrophobization of the surface by a silicon-
organic fluid of optimum concentration. However,
this method requires an additional technological
operation. The optimal concentration of silicone fluid
in the emulsion as 0,6-0,7% was found. The second
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method is surface treatment with cement slurry. This
method is simpler than the first method, since the
processing is done in the preparation of a concrete
mix. Both methods reduce the permeability of the
structure, thereby increasing the durability of the
concrete. Also, the treatment of the porous aggregate
increases the strength of the concrete. The first
method is more effective for expanded clay concrete
of floating and other hydraulic structures, for which
the operating humidity of concrete is important.
The second method is more effective for concrete on
natural porous aggregates, since the treatment makes
the filler more homogeneous.

The task of increasing the durability of concrete with
porous aggregates must be solved comprehensively.
In addition to the treatment of aggregate, complex
additives should be used. There is established that
complex additives are effective for concrete for
hydraulic engineering and transport structures, which
include superplasticizer and colmatizing additive or
superplasticizer and silica fume. Modified concrete
on lightweight aggregates with water resistance up to
W14 is obtained.

KEYWORDS: lightweight concretes, porous
aggregates, durability, corrosion resistance, frost
resistance, water resistance, modifiers, aggregate
treatment.

IIOCTAHOBKA IIPOBAEMH

JAst minoro paay crnopya, 30KpeMa rigpoTexHiu-
HHUX 1 TPAHCHOPTHUX, €PEKTUBHUM € 3aCTOCYBaHHA
6eTOHIB HAa AETKHX IOPUCTHUX 3aloBHIOBavyax. Ha-
NPHUKAAJ, Y KePaM3UTOOETOHI BUTIAHO MOEAHYIOTHCA
BEAHMKA MIITHICTh IIPHU MaAIl cepeHiil TYCTHHI | HU3b-
Kifl TEIIAOIIPOBIAHOCTI, MO 00YMOBAIOE BHCOKY KOH-
CTPYKTHBHY €pEKTHUBHICTb 1 JOBTOBIUHICTL. Km0 y
UHUBIABHOMY OyJIBHUITBI 0OCATH 3aCTOCYBaHHA Ke-
PaM3UTOOETOHY 3HU3UAHCH 4Y€pe3 IOABY €(PEeKTUB-
HHX Hi3gpioBaTHUX OETOHIB, TO B raAy3i 3aAi3o6eToH-
HOTO CYAHOOY/AYBAaHHA KEPaM3UTOOETOH 3aAUIIAETH-
cs1 6e3anbTepHATUBHUM MaTepiaroM. A 3arizobe-
TOHHHX IIAABYYHX CIIOPY/J BHKOPHCTAHHA KepaM3H-
TOOETOHY AO3BOAAE 3HM3UTH BaTy Cy4HA 1 MigBUIIU-
TH HOT0 BaHTAKOMIZHOMHICTb. 3aCTOCYBAHHSA NETKHX
6€eTOHIB TAKOXK JA0O3BOAAE 3HAYHO ITOAIMIIATH KOM-
PopTHicTs nepebyBaHHA A€l Ta obAajHAHHA B
HNPHUMIIIEHHAX 3aAizobeToHHOro cyana. Tomy akry-
aABHOIO € 3a/ayva IigBUIIEHHA JOBIOBIYHOCTI CYAHO-
6yAIBHHX KEpaM3UTOOETOHIB 3aBJAKH 3aCTOCYBAHHIO
CyJacHUX MOAH(PIKATOPIB 1 TEXHOAOTII.

Kpim Toro y cBiToBiif mpaxtuni 6€ToHH Ha AeT-
KHX 3aIlOBHIOBAYax BCE€ YacCTillle 3aCTOCOBYIOTH AASA
NPOTrOHHHUX KOHCTPYKIIil, 30Kkpema npu 6y4iBHHIITBI
MOCTIB Ta HIAAXOIPOBOJAIB. 3 PO3BUTKOM OyJiBeAb-
HHUX TEXHOAOTiil BIAKPHBAETHCA NEPCIEKTHBA OTPH-
MaHHA epEKTHBHHUX 1 JOBroBIYHHX OETOHIB Ha Mic-

LIEBUX AETKHUX 3allOBHIOBAYAX, IO 3a0€3MeYyIOTh He-
00XiAHYy KOHCTPYKTHBHY MiIHICTb. TaxuMm dmHOM,
3aBJaHHA MIABHUIIEHHA JOBTOBIYHOCTI KOHCTPYKIIIii-
HHUX OETOHIB HAa IOPUCTUX 3aIIOBHIOBAYAX € aKTyaAb-
HUMH.

AHAAI3 OCTAHHIX IIYBAIKAIIIH

bBeronu Ha Aerkux 3aloBHIOBAYAX MAIOTh A€KIAbBKA
icToTHHX Tepesar, a came [1]: 3MeHImIeHa Maca KOH-
CTPYKLil, mo 3abe3nedyye 3HUKEHHA HABAHTAKEHD
Ha PyHAAMEHTH, MiABHIIEHHA BaHTaKONIAHOMHOCTI
3aAI300€TOHHUX MAABYYUX CHOPYJ 1 3HMKEHHS MacH
BiJ IIOBHOT'O HAaBAHTAKEHHA KOHCTPYKIIH, AKI Ipa-
IIOIOTH HA 3TWH; NIABUINEHHSA CTIKHKOCTI O AWHA-
MIYHHX HaBAaHTaK€Hb 1 BOIHECTIHKOCTI KOHCTPYKIIII,
MiABUIIEHHA MPOAYKTUBHOCTI Ipari 3aBAAKH BHUKO-
PHCTAHHIO GIABII IPOCTHX MEXAHI3MIB AAA MOHTAKY
KOHCTPYKIIIH.

Baactupocti maTtepiary obymoBA€HI HOro cTpyk-
Typoio. IIpu 11boMy MOAEADB CTPYKTYPH, IO PO3TALA-
AAETBCA AOCAIZHHKOM, Ma€ OyTH y BIATIOBIZHOCTI 40
KOHKpeTHOro supoby abo xoncrpykuii [2]. Hampu-
KAaJ, AAA AETKHUX O€TOHIB IOPHCTICTb PEryAIOIOTH
AK Ha PiBHI 3aIIOBHIOBAYa, TakK 1 HAa PiBHI pO3YMHHOI
CKAAQAOBOI, 110 JO3BOASE OTPUMYBATH MaTePlaAH, fAKi
MalOThb CIIPUATAUBY AAA GOPMYBAHHA MIKPOKAIMATY
copbuiiiny BoAoricte. Ilpum mpaBuAbHOMY IpH3Ha-
YeHHI CKAagy 6ETOHH HAa IOPHUCTUX 3alIOBHIOBAYAX 3a-
6e31edyoTh IEPBUHHUM 3aXHCT apMaTypH Big KOPO-
3ii 6€3 Z04aTKOBUX BUTPAT 1 BUCOKY BOJAOHEIIPOHHUK-
HICTb. B OCHOBI IBOTO €PEKTY A€KHUTH TPOTUALA TIPO-
CYBAHHIO BOAOTH, TOPOAKEHA CTHCHEHUM ITOBITPAM Y
MOpax 1 KalmAfApax 3aloBHIOBAYA: YUM TAHOIIE B TOB-
Iy 3€pHA NPOHHKAE BOJA, TUM CHABHIIIE IPOTHAIA
noBiTpA (npu 3abe3neueHHi HEOOXIAHOI CTPYKTYpPH).
TaxkuMm 4uHOM, IpH NEBHIH rAHOMHI HACHYEHHSA II0-
AaAbllle IPOHUKHEHHA BOAH B 3€PHO IOPUCTOTO 3a-
MOBHIOBaYa NpuUnuHAeTheA [1]. Hanpukaag, y pobori
[3] mokasaHo, 10 BBE/JEHHA NONEPEAHBO HACUIEHOTO
IMOPHCTOTO HAIIOBHIOBAYA 40 CKAA4Y BHCOKOPYXAHBO-
ro A€rkoro O0E€TOHY 3HUIKY€E KAMASAPHHUI Migcoc Ma-
TepiaAy i ioro NpoHHKHICTh ioHaMu xAopy. Cam pi-
BEHb BOJOIPOHHKHOCTI A€TKOro 6€TOHY € piBHHM J0
IIPOHUKHOCTI Ba;KKOTro 6€TOHY 3 AaHANOTIYHOI KIABKIC-
TIO B’ SI7KY4OTO.

OgHuM 13 HAWOIABII PO3MOBCIOAKEHUX ITOPHC-
THUX 3aIIOBHIOBAYiB AAf OE€TOHY € KepaM3HuT. Y HbO-
My HOEAHYIOTHCS JOCTAaTHA MIIJHICTD IIPH MaAil ce-
peAHiil rycTHHI, 0 OOYMOBAIOE BHCOKY KOHCTPYK-
TUBHY €(pEKTUBHICTD 1 JOBIOBIYHICTH IPU HU3bKIN Te-
naonposigaocTi [4]. AAg 3anizobeToHHOrO CygHOOY-
AYBaHHS y BCbOMY CBITI CbOIOZHI 3aCTOCOBYIOTh CaMe
pi3HI BHAHM KepaMiYHUX 3allOBHIOBAYiB. 30Kpema, 3
Aerkoro 6eToHy KAacy no minaocti LC-60 ta Mapkn
3a cepegHboio rycrunoro D1950 36yzoBana maaBby-
4ga Hadrosa nmrarpopma Heidun, sika nparoe B HOp-
Be3pkoMy cekTopi IliBHiuHOrO MOpA [5]. A0 cKAagy
6eTony gas mobygosanoi y 1998 poui HadroBoi maat-
¢opmu Hibernia (Kanaga) 4acTkoBo BXOAUB cliyde-
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Huil cranens Stalite: 255 kr/M’ y cyminn 3 430 kr/m’
IPaHITHOTO mebeHIo, Mo CKAajaro Maitke 50% Big
06’eMmy kpymHoro 3amnosHoBada. lliapHICTE Takoro
«HaIIBAETKOTO» 6eTony — 2160 KI/M’, MIITHICTD — BiAb-
e 70 MITa. ITAarpopMy €KCIAYATYIOTh HA PAHOMHI
40 80 M a ii Kopryc pospaxosanuii Ha 30 pokis po6o-
Tu 6e3 pemonTty [6]. ITepiIorw apKTHYHOIO IAABYUYOIO
cropya010 3 6eTOHy Ha TOPHUCTUX 3AIIOBHIOBAYaX BBa-
KaeTbest kecoHHud ocTpis Tarsiut island gas mMops
bogopra (Kanaga), axuii 6ys 36yj0Banuii A5 BHJO-
6yTkn micky y 1982 pori Ta €KCIAyaTyEThCA 1 ChOT0J-
Hi [7]. AAs 1i€l ciopyA# 3aCTOCOBAHO GETOH HIIABHIC-
110 2240 Kr/M°, 3 IKOr0 6yAO BUPOOGAEHO KOHCTPYKLi
3 IonepeAHbO HAIIPY:KEHOIO apMaTypolo. Aerkuii 6e-
ToHy KAacy LCH5 (Ha ocHOBI 3anoBHIOBava Liapor 8)
3aCTOCOBAHO AAA BUPOOGHHIITBA IIOHTOHIB 1 TOAOBHO-
ro nporony naasydoro mocry Nordhordland Bridge
y Hopserii [8]. 3aBAAKH 3HHKEHHIO Bar'l KOHCTPYK-
Liif Ta yAQIITYBAHHIO BOZOHEIPOHUKHHX IIEPEFINOK
IIAABYYICTb MOCTy 3abe3nedyeTncsi HaBITh IIPH 3a-
TOIIA€HHI ABOX BiJCIKiB moHTOHY. KOHCTpyKIiIHHUIA
Aerkuit 6eToH 13 miAbHIcTIO 6iAg 2000 Kr/M° 1 MinHic-
10 35 MIIa 6yA0 3acTOCOBaHO AAS KOHCTPYKIIH IIAQ-
Byuux Bopir gam6bu Braddock na piuni Mononrieaa
(ITencinbpania, CIIA). 3HuAKeHHA MIABHOCTI 6€TOHY
AO3BOAUAO 3HHU3UTH OCaJKy IIAABYYOi CHOPYAH IIO-
Hag 3 M, Mo 6yAO Ba/KAHBO JAAA KOHKPETHHX yMOB
ekcnayaTanii [9]. OgHUM i3 HOBITHIX IPOEKTIB CIIO-
PYy4 i3 Aerkoro 6€TOHY y BIAKPHTOMY MOPI € CIIYCKO-
migifomanii komnaekc MPU Heavy Lifter [10]. Horo
3aCTOCOBYBAAH AASA JE€MOHTAKY 3HATHX 13 €KCIIAyaTa-
nii maarpopM BUAOOYBHHX CBEPAAOBHUH 1 AAA MOHTa-
Ky BaKKHX PpyHAAMEHTIB BITPOBHX YCTaHOBOK Y IliB-
HiYHOMY Mopi. Briepmie aag Mopcpkoi ciopyan 6yao
BHKOPHCTAHO AETKHH OG€TOH, AKHH YaCTKOBO BKAIO-
YaB AETKHIl HICOK AAA OTpUMaHHA OETOHY KAacy
LC35/38 npu cepeaniii ryctuni menme 1600 Kr/M°,
1m0 6yAo HEOOXiIAHO AASA IAABYYOCTI Ta MIITHOCTI TIOH-
ToHiB. MikHapoaHa pegepanisa 6eTony i 3arizobero-
ny (fib) me y 1995 poni cpopmyArloBara pekoMeHnga-
i 1040 IMOBHOTO IIEPEX0AYy Ha 3aCTOCYBAHHA B KOH-
CTPYKIIAX HAPTOBHX IMAATGOPM BHCOKOMIITHOTO NET-
Koro 6erony criouarky kAaacis LC40-50, a moTim i Kaa-
ciB LC60-70 [11]. ITpu nypoMy aast Takoro 6eToHy pe-
KOMEHJOBAHO BUKOPHCTOBYBATH IPHPOAHI IIOPHUCTI
3aIIOBHIOBAYI 3 ByAKaHIYHHX 260 0CagJOBHX TipChKHX
IIOpig, a TAKOK IITY4YHI ITIOPHCTI 3aIIOBHIOBAYI, 30Kpe-
Ma Ha OCHOBI IPOJAYKTIB IepepobKU 32 €KOAOTIYHO
YUCTUMH 1 HU3bKOEHEPTrOEMHUMHU TEXHOAOTISAMU Be-
AHMKHX TEXHOTE€HHHX YTBOPEHb METAAYPTii, HAAUBHOL
€HEPreTUKHU Ta XIMITHOI IIPOMHUCAOBOCTI.

B Yxkpaini Takox iCHye 4OCBig 3aCTOCYBAHHSA CyJ-
HOOygiBHOrO Kepamsuroberony. Ha Xepconcbko-
My 3aBOJi 3anizoberoHHOro cygHobOygysanHA «Ilan-
Aaga» B 70-Ti pOKH MHHYAOTO CTOAITTA 6yA0 1mo6y-
JAOBAaHO KIABKAa KEpaM3HTOOETOHHHX IIAABYYHUX [JO-
kiB [12]. O6¢cTeReHHA JaHHX IAABYYHX CIIOPY/] IIO-
Ka3aAo JOBTOBIYHICTb KOHCTPYKIIH 3 KepaMm3urtobe-
TOHY IIPHU €KcIAyaTanii B bapennesomy, Kacmiiicbko-

My Ta IHITHX MOpAX [13]. BiAbIIiCTD i3 THX AOKIB €KC-
IAYaTy€eThCA 1 3apa3 [14]. Cporogni Ykpaina € ogHi-
€10 3 Heb6araTboX KpaiH CBITY, KA BOAOJIE TEXHOAOTI-
€10 3aA1300€TOHHOTO Cy4H06y4yBaHHH

HpOBe,aeHI/II/I AaHaAI3 A0CBigy 3acTOCyBaHHsI 6ero-
HIB Ha OCHOBI A€T'KHX 3aIIOBHIOBAYIB y TiAPOTEXHIY-
HOMY 1 TpaHcHopTHOMY OyJ4iBHHUITBI IIOKa3aB, IIIO
IpH IPOEKTYBAaHHI IX CKAagy moJi6HI MaTepiann
MalOTh BHCOKY JOBIOBIYHICTH Ta HeOoOXigHI (Pi3UKO-
MEXaHIYHI XapaKTepPUCTUKU NpH 3a0e3ledeHH] 3HH-
JK€HHA Baru KOHCTpPyKHiil. Ilpu ibomy ogHuM i3 Haii-
HNEPCIEKTHBHIIINX HAIPAMKIB 3aCTOCYBAHHA AETKO-
ro KOHCTpyKLiiiHoro 6eTony € 3arizobeTonHe cygHO-
6yayBannsa. Jag 6iabII €PEKTHBHOTO 3aCTOCYBaHHA
noAi6HUX MaTepiaAiB y BITYM3HAHIN 1 CBITOBIH mpak-
THIII HeOOXiZHE OIPAIIOBAHHA HAayKOBHX OCHOB ITiJ-
BHIIIEHHA IX JOBTOBIYHOCTI, @ TAKOK CTBOPEHHA TEX-
HOAOTIH iX BHpOOHHUIITBA.

META AOCAIAKEHHA

PO3BUTOK TEOPETHYHUX OCHOB I CTBOPEHHA IPAK-
THYHUX NPHHAOMIB IMiABUIIEHHA JOBTOBIYHOCTI A€T-
KHX KOHCTPYKIIMHUX OGETOHIB AASA TiPOTEXHIYHHX I
TPAHCIOPTHUX CIIOPYJ4 (30KpeMa IAaBY4IHUX 3aAizo0e-
TOHHHX) 32 PaxXyHOK oOpOOAE€HHA HOBEPXHI MOPHC-
TOTO 3AIOBHIOBAYA TA 3ACTOCYBAHHA MOAUPIKATOPIB.

PE3YABTATU AOCAIAXEHD

BeToH rizpoTexXHIYHHUX 1 TPAHCIIOPTHUX CHOPYJ 3a-
3HAE OJHOYACHOTO BIIAUBY PI3HUX €KCIIAyaTalliiiHO-
KAIMAaTHYHUX (AKTOPiB, AKI BUKAHKAIOTh PYHHYBaH-
H#A fioro cTpykTypu. Lle 3mina temneparypu, 3aMopo-
KyBAHHA BiATAlOBaHH:A, 3BOAOKYBAHHA Ta BHUCYIIy-
BAaHHA, XIMI9HI BIAUBH, 0OpOCTaHHA BOAOPOCTAMH 5
KUBHMH OPTaHI3MaMH, a TAKOXK THCK 1 AUHAMIYHHN
BIIAHB piguHU Ta AboAy. I.I1. Bepbenubkum BcTaHOB-
A€HO [15], 10 0OCHOBHOIO YMOBOIO JOBTOBIYHOCTI Oe-
TOHY Y BOAHOMY CEPEJOBHIII € HOro HEIPOHHUKHICTD,
AKa 3a6e31evyeTbcAd 3HUKEHHAM HACKPI3HOI IOpHC-
TocTti. OgHaK IIPU OJHOYACHIN A1l 3HAKO3MIHHHUX TE€M-
HepaTyp TAaKOK HE MEHII BaKAUBOIO MOKHA BBAKATH
MOPO3OCTIHKICTD 6€TOHY, AKY HaH6iAbII ePEeKTHBHO
HiZBUIIUTU 32 PAaXyHOK CTBOPEHHSA CHCTEMH 3aMKHY-
Tux nop. Tomy 3 ycix xapakrepucTuk 6€TOHY, IO BIIAHU-
BAIOTh Ha HMOro AOBrOBIYHICTb, CAlJA BUJAIAUTH HOrO
MOPO3OCTIMKICTh 1 HETPOHUKHICTB.

3a mapaMeTpaMy IOPHCTOCTI MaTepiany MOKHA
AHIIIEe TPUOAU3HO CYAUTH PO CTYIiHb HOTO IPOHHUK-
HOCTI. /[Asl KAaIAAPHO-IIOPUCTOrO MaTepiaAy 3i cro-
AYYEHHMHU KaIAfApPaMHU 3MIHHOTO I€pPepi3y HPOHHUK-
HICTh XapaKTE€PHU3YETbCA HAIMEHIINM JlaMETPOM Ka-
HAaAIB, 2 HE CEPEJHIMH PO3MIpaMH CIIOAYYEHHX IIOp,
TOMY, IIO BEAHKI HOpH, 1O BH3HAYAIOTH BEAHTH-
HY HOpI/ICTOCTl MaTeplaJ\y, MOKYThb 3'€AHYBaTHUCA Mi-
KpOKaH]/\HpaMI/I AKI 1 BU3HAYATUMYTh IPOHHKHICTH
matepiary [16]. Y 6eroHax Ha A€TKHX MOPUCTHX 3a-
MOBHIOBAYAX KAIASPHO-IIOPHCTY CTPYKTYPY Ma€ He
TIABKM II€eMEHTHUH KaMiHb, a @ caM 3allOBHIOBAdY.
Ha Bigminy Big BaKKuUX O€TOHIB, 3HAYHHI BIIAMB Ha
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BAACTHBOCTI MaTepla/\y Ma€ Iporec Mirpaiii BoAu
AK y 3aIIOBHIOBAdYi, TaK i 3 HbOTO. B p060T1 [17] BcTa-
HOBAEHO, IIJO TO4i6HI IPOIIeCH IPOTIKAIOTH IO 3aKO-
Hy MaATHUKA. To6To, mopucra cTpykTypa 3aloOBHIO-
BAYA € MPHYHHOIO AOBOAl CKAAQJZHHUX TEIIAOMACO00-
MIHHHUX IIPOIIECIB, IO IPOXOAATH Y cyMimii 3 MOMEH-
Ty 1l 3MIITYBaHHSA 3 BOJOIO i IPOAOBKYIOTLCS TPHBA-
AHI 9ac npu TBCpAlHHl 6erTony i eKanyaTauu 6erou-
Hol KoHcTpykKnii. 1li mpomecn B pi3Hiil Mipi BIAUBa-
I0Tb Ha CTPYKTYPY HiJ Yac NPUTOTyBAaHHA, YKAAJAH-
H#, VIIIABHEHHA CyMim Ta npu Habopi MinHOCTI He-
tony. I.A. IBanos [1] 3a3navaB, Mo npu omiHIOBaH-
HI CTpPyKTypu 06eTOHY, 0COOAMBO AETKOTO, HEoOXig-
HO 3BEPTATH yBary Ha ABa II OCHOBHI KpI/ITepii: oa-
HOPIAHICTD 1 3AUTICTh. Takox BiH 3BepTae yBary Ha
TE, 10 BAKAHBOIO OCOOAMBICTIO CTPYKTypu 6eTOHIB
Ha IMOPHUCTHX 3aIIOBHIOBAYAX € IIJBHUIIECHE 3YEIIACH-
Hsl HOro eMEHTHO-OIIAHOI YaCTHHH 13 3aII0BHIOBA-
geM, sika y 1,7-2,5 pasu BHIJa HMOPIBHSIHO 31 3YEIIACH-
HAM 13 N[IALHUM Ifebenem.

AAa 6eToHIB XapaKTepHI TPH MOKAHBI BapiaH-
TU pyHHYBaHHA IiJ BIAMBOM HaBaHTaxeHb [18]: mo
PO3YHMHHIN YaCcTHHI IPU HE3PYHHOBAHOMY 3aIllOBHIO-
Badi; IO PO3YMHHIM YaCTHHI Ta 11O KOHTAKTHIH 30HI
MK PO3YMHHOI YaCTHHOIO 1 3aIIOBHIOBaYeM; IIO 3a-
MOBHIOBAYY 1 po3unHHHI dacTuHH. /As 6GeToHIB Ha
IMOPHUCTUX 3alOBHIOBaYaX HAMWOIABII XapaKTepHUM
€ Apyruii i Tpertiit Bapiantu. TobTo cuAa 349enneH-
Hf PO3YHMHHOI YAaCTHHH 3 3AIIOBHIOBAYEM € BaKAH-
BOIO OCOOAUBICTIO CTPYKTYPH A€T'KMX O€TOHIB, SIKa 3y-
MOBAIOE 1HIITy CXeMY pyHHyBaHHH HIK y BaKKOTO be-
TOHy. BignoBigHO TEXHOAOIIYHI METOAU, CrpAMOBa-
HI Ha MiJBUIIEHHSA MIIJHOCTI Ta IMOKPAIEHHA IHITHX
Pi3MKO-MEXaHIYHHUX ITOKA3HHUKIB A€TKHX GETOHIB, 40-
BOAL CYTTEBO BigPI3HAIOTHCSA Bl AaHAAOTITYHHUX METO-
J1B AASI BAKKUX O€TOHIB.

Bigomo, mo (i3UYHI CHAM B3a€MOJIl MK IIEMEHT-
HOI MaTPHIIEIO 1 KPYITHUM 3aIIOBHIOBaYeM 0OYMOBAE-
Hi, HacaMIepe/J, CTATYBaHHAM II€MEHTHOIO KaMEHIO
IpH HOro ycaalli, a TAaKOK HAABHICTIO ZIASHOK XiMId-
HOT'O 3YENA€HHSA 1 JOHOPHO-aKIIENITOPHOI B3a€MO-
Aii. JAg xkpamioi peanisanii cua agresii 1 Teprsa He-
00xigHO 320€3IeYnTH NIIABHHII KOHTaKT IIOBEPXOHB
B'SIZKYYOTO 1 3aIIOBHIOBAaYa SIK BU3HAYAABHHUX MixKpas-
HHUX IIOBEPXOHBb JAAA JaHOTO KOMIIO3HUIIIHHOrO Mare-
piaay [19]. BiapmiicTs AOCAIAHUKIB OJHIEIO 3 IPH-
YUH JOCUTb IIABHOTO IPHUASTAHHA B'SAAKY4OTO A0 3a-
IIOBHIOBAYA 1 apMaTypH HA3UBAaIOTh HAABHICTD CTATY-
I09UX CUA, OOYMOBAEHHUX YCagKOBUMH Jgedopmariidg-
mu. [Ipore, y pobori [20] He migTBEpANAYN ICHYBaHHSA
00THCKAIOYUX 3aIIOBHIOBAY HAIIPY;K€Hb HI IpHU ycaj-
i, HI IpU Ali 30BHINIHLOTO MPECYYOro THCKY, a Ta-
KO ITicAd TBepAHeHHA 6eToHY Bpogosxk 21 go6u.
Bonu mosicHIOBaAHW Iie SABUIE HAABHICTIO KOHTPAK-
1jii IIeMEHTHOTrO KaMEHIO B IIPOIECl HOro TBepAiHHA,
AIKa HIBEAIOE THCK Ha 3allIOBHIOBAY 40 KIHIIA IIPOIIECY
$popMyBaHHSA CTPYKTYpH OETOHY.

Y AOCAIZKEHHAX HaykoBoi mKoAu B.M. Buposo-
ro [2, 21] moka3aHo, IO Ha TPaHHUIII MATPUIHOTO Ma-

TeplaAy 3 3aloBHIOBAYEM BiZOyBAIOThCA CTPYKTYp-
HI IIporecH Pi3HOI CHPSAMOBAHOCTI. 3ANEKHOCTI Big
CIHIBBIZHOIIEHHS BEAWYUH KOTEe31HHOI 1 agre3iiiHol
MIIJHOCTEH B MAaTPHYHOMY MaTepiaAl IpH TBepAiHHI
BHHHKAIOTHh PI3HOCHPAMOBaHI gepopmanii pi3HOI Be-
Anuunu. Ile Bege A0 3MIHHU IMIIABHOCTI B AOKAAbHUX
AIAAHKAX MaTPHIIl Ta HIPOBOKYE 3MiHy pOpPMH IOBEpP-
XOHb IIOJINY Ta BUHHKHEHHs HOBHX IIOBEPXOHb. 3a
PaxXyHOK IJbOI'O BUHHKAIOTh OPOKHUHH AK TPIN[HHU
Ha TpPaHMI]l 3 3aIIOBHIOBAYEM Ta Yy MATPUYHOMY Ma-
Tepiaai. Ilpu xoresii MaTpUYHOro MaTepiaAy BHIIIH
3a aaresiio 4O 3aM0BHIOBAYA TPITUHY HA BHYTPIIIHIH
IOBEPXHI MOAINY YTBOPIOIOTLCA II€PEBAKHO HA Tpa-
HHIIl 3 3antoBHIOBavYeM. I[Ipu Koresii MeHIIi 3a ajre-
3110 CTPYKTYPHI €EAEMEHTI YyTBOPIOIOTLCA IIEPEBAKHO Y
neMeHTHIH Matpuni. Haitbiabmn ckaagauMu € gepop-
Manii MaTpHuIl, oo TBepAHe, npH ii BUGIpKOBIil aj-
resii 40 3aIlOBHIOBAYA, IO, HAIIPHKAAJ, XapaKTEPHO
AAA rpasiTHOro mebeno [21].

Y pobGoti [22] mokaszaHo, mo NIpU MIKpOpyHHY-
BaHHI B CTPYKTypi 6€TOHy HaiibiAbIIa KIABKICTBH TPi-
HIUH CIIOCTEPIra€TbCA caMe B KOHTAKTHIN 30HI1 3a110B-
HIOBAY — IIEMEHTHA MAaTPHUIIA, IPUYOMY TPIIIHHH II0
M€Kl 3YENAEHHs 4YacTille BCbOTO € BIAKPUTHMH I
6esnepepBHUMU. TPIIHHHE 3Y€NA€HHA BUHHUKAIOThH
AK PEe3yAbTaT BOAOBIAAINGHHA 1 AudepeHIlaAbHHX
ob6'eMHUX gedopmariii, TO6TO € PiI3BHOBUAOM TEXHO-
AOriuHEX TpimuH [2, 21]. Taki TpIIIUHA B IIeMEHTHII
MaTpHIll IPOXOAATh Yepe3 MOPH Ta B OIABIIOCTI BH-
Ma/KiB — IT0 HHKHIH M€7Ki 3epeH KPYIHOTO 3all0OBHIO-
Bada. HeBeAuki HEpPIBHOCTI 3epeH He BIAMBAIOTL HA
6e3nepepBHICTL TPIMUH 3UYenAeHHA. ToHKI TpimuHN
B IIEMEHTHIN MaTpHIli 3a3BUYAH IOIIHPIOBAAUCA MIK
CYCiZHIMH 3€pHaMH BEAHKOTO 3amopHOBada. Ilo mo-
AIGHHM CTPYKTYpHHM eAeMeHTaM y OeTOHI MokKe Iie-
peHocuTHCA piguHa Ta ra3. Ilpm mboMy Ha 3aranb-
HY IPOHUKHICTb KOMIIO3UTY OyJ€ BIIAUBATH HE AUIIE
reoMeTpid MUX TPIIIUH i HIOPOKHUH, a 1 IPOHUKHICTD
3aIl0BHIOBAYA.

Y 6etoHni 3 3amoBHIOBauYeM obkaraHOi PopMH 3a-
A€KHO Big crioco0y VIIIABHEHHS 3€peH Ha iX CTH-
KaX YTBOPIOIOTbCA IOPOKHHHU 3 IIEMEHTHOI MaTpH-
i, Ikl MAIOThb TPUKYTHY 260 YOTHPHKYTHY popMmy 3
FOCTPUMH KPasiMH. Yepes Te, M0 y JaHUX IOPOK-
HUHAX BAACHI Aeq)opMauu pO3TATYBAaHHA 1 HAIpPY-
AKeHHA OyayThb OIABII, HI’K y IpOIIapKax MK ABO-
Ma 3€pHaMH 3aIllOBHIOBAadYa, B HUX BiJOyBaeTbcA 3a-
POAKEHHA 1 PO3BUTOK Hai6IABIIOI KIABKOCTI yCag04-
HHX MIKpO- 1 MakpoTpimuH. Bignosigno ogHieno 3
NPUYHH 3HMKEHHA MIITHOCTI 6€TOHY IIPU 3MEHIIEHHI
BHUTpAT PO3YHMHHOI CKAaJOBOI, TOOTO 3HHAKEHHI TOB-
IIUHHA 1IeMEHTHO-ITINAH0I 060AOHKH HABKOAO YaCTH-
HOK KPYIIHOTO 3aIIOBHIOBAYa, € 3MEHIICHH:A TPIlIH-
HOCTIMKOCTI IIbOTO KIABIIA Yepe3 HaJgMipHE 3POCTaH-
HS TAHTE€HIIIAABHOI CKAQZ0BOI BAACHUX JepopMarniiii i
HaIpyKeHb IpHU ycagni. Y poboti [23] 3pobaeHo BH-
CHOBOK, IIJO HETaTUBHUI BIAUB 3MEHIIEHHS TOBIIH-
HH IIEMEHTHOI 0OONOHKH Ha CTifiKicTb 6€eTOHY 3aae-
AKHUTDb BlJ YCagKU IEMEHTHOI MAaTPHIIL.
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IIpore, ogHO9YAaCcHO 3 IpoIlecaMH, SIKI OXapaKTepH-
30BaHO BHUHIE 1 AKI € CHIABHUMH AAA OETOHIB Ha pi3-
HHX THUIIaX 3alIOBHIOBAYa, y 6€TOHAX HA IOPHUCTHX 3a-
ITIOBHIOBAYaX aKTUBHO IIPOXO0AATh IPOIeCH MacoobMi-
HY MK PO3YUHHOIO CKAAZOBOIO 1 KPYITHUM 3AIIOBHIO-
BaueM. BaxkAuBuM € Te, 110 rAnbuHAa, IHNTEHCUBHICTD 1
HaBITb HAIIPAM IIbOTO MacOOOMIHYy Ha PI3HHX eTarax
$popMyBaHHSA Ta ICHYBAHHA CTPYKTYPH 3aA€kKaTb Big
BAACTUBOCTEH AK 3aIlOBHIOBAYa, 30KpemMa HOro Io-
BEPXHI, TaK 1 Big BAACTHBOCTEH II€MEHTHO-INIAHOI
Matpuii. 3 ogHOTr0o 60KY, 3€pHA IIOPUCTOTO 3aIIOBHIO-
Bada aAcopOyioTh BOAY 3 HaBKOAHIIHLOTO PO3YHHY,
10 TIOAINIIYE 3YEIIACHHA 3aIIOBHIOBAYA 3 PO3UYHHOM,
IIePENIKOAKAE€ YTBOPEHHIO CEAUMEHTAI[IMHUX ITyCTOT
1 cupuse GopMYyBAaHHIO HABKOAO 3€PEH IIapy 31 3MiIl-
HEHOTO po3uuHy. Takuii nmporec npuitHATO Ha3UBa-
TH «CaMOBaKyyMyBaHHAM». IIpoTe nmpoTikaHHA BOTO
IIPOIIECY CYTTEBO 3aAE€KHUTD BiJ PO3MIpPIB 1 HOPHUCTOC-
Ti 3aIIOBHIOBAYa Ta BiJ CTyIE€HA HOro momepesHboro
3BOAOKEHHSA B IIPOIECi IPUTrOTyBaHHA OETOHHOI CY-
Mmimi. IIpu gocTaTHBOMY CTyIIE€HI 3aIIOBHEHHS BOAO-
roo IMOPOKHHUH 3aIIOBHIOBaYa B IIPOIieci Horo more-
PEAHBOTO IEPEMIITYBAHHA 3 BOZOIO B GETOHO3MINIY-
Baul mogaAbma ajcopbuis Bogu 3 pozuuny OGyae Mi-
HIMAABHOIO 1 O6YMOBAEHOI0 HAacaMIlepe/ MOBIALHUM
IIOCTYIIOBUM IIPOHUKHEHHAM BOAOT'H BIAHD 3epHa 3a-
rnosHIoBa4a. To6To npu BUKOpUCTAaHHI GIABII KpyII-
HOT'O 3aIlOBHIOBadYa Iipouec agcopbmii Bororu 6yge
IPOTIKATH JOBHIE, HIK IIPU BHKOPHCTAHHI OIABII
ApiOHUX fforo ¢ppakmiil (rpaHyA).

I3 wacoM y mporneci CrpyKTypOyTBOpEHHs (TBEPAiH-
HaA 6eToHy), AK BigoMoO, 6yJe NPOXOAUTH 3BOPOTHIN
Iporiec Mirpaiii BOAOTH i3 3aIIOBHIOBAYa 40 POIYUH-
HOI YaCTHHH, IO 3MEHIIY€E yCaJKy OCTAHHBOI 1 cripH-
A€ Kpamiil rigparanii nementy. IlpoTikanHa 1boro
HPOLECY TAKOK 3AAE€KUTb Big KaIIASPHO-TIOPUCTOI
CTPYKTYpPH 1 KPYIHOCTI 3anoBHIOBada. Takox HeoO-
XiZHO BpPaxoByBaTH HAOyXaHHA 1 YCagKy CaMOro 3ep-
Ha 3anopHIOBa4Ya. To6To B Mipy 3BOAOKEHH:A, AKe
BigOyBa€eTbCA B IpOIleCi HIPUTOTYBaHHA 1 YKAQJaHHA
6eTOHHOI CyMili, TOPUCTI 3aIIOBHIOBaYl GIABIIOIO Y1
MEHIIOI Mipo1o 36iabmyoThesa B 06°emi. ITpu BTpa-
Ti BOAOTH IIPOXOAUTH 3BOPOTHIH IpoIjec — ycajka 3e-
PEH 3aIIOBHIOBAYA.

3aneKHO Bij agre3ifHUX BAACTHBOCTEH MOBEpPXHI
3aIIOBHIOBAYA 3MIHIOETHCA BIIAUB HOTro KPYIHOCTI Ha
MminHicTh 6etony. Ilpu 3a6e3neuenHi JocTaTHBOI aj-
resii 3armoBHIOBaYa 40 II€EMEHTHOI MAaTPHUIl IpPH Mij-
BHIIIEHH] 10TO KPYITHOCTI MiIJHICTL 6€TOHY 3MEHIIIYE-
TbhCA. Y BUIIAJKy HE3HAYHOI aAresii 3epeH HaBIIAKH
— 3pOCTa€ IPH BUKOPHUCTAHHI GIABII KPYITHOTO 3aIio-
BHIOBa4a [24]. Kpim Toro, npu migBUIIE€HHI KPYIIHO-
CTi 3€PEH 3AMOBHIOBAYA 3MEHIIYETHCA OJHOPIAHICTH
6eToHY 3a MIIHICTIO, BiJHOIIEHHA MIIJHOCTI Ha 3THH
A0 MIITHOCTI IPH CTHCKAHHI, a TAKOK TPaHHUIIl MIKpO-
TPIIIUHOYTBOPEHHA [25].

/A 6eToHIB Ha NMOPHUCTHUX 3allOBHIOBAYAX, AKI 3
o4HOTO OOKY MalOTh TapHy aAresilo 40 II€MEHTHOI
MaTpHIii, a 3 IHIIOTO — 3MIHIOIOTH CBill 06’eéM uepe3

HaOyXaHHA 1 BUCYIIyBaHHA, KOPUCHUMH € AK T€XHO-
AOTi4HI omepanii, CHpAMOBaHI Ha 3MEHIIEHH:A BOJO-
IIOIAMHAHHA 3alI0BHIOBAa4Ya, TaK 1 CHPAMOBaHI Ha IO-
KpameHH:A Horo agresii. /JAd KOHCTPYKIINHUX Aer-
KuX O0ETOHIB BUCOKOI MIIJHOCTI TaKOK aKTYaABHOIO €
3aBJaHHs IMABHINEHHS MIIHOCTI 3aroBHIoBava. lLle
IIOB’A3aHO 3 THM, IO AAA TAKHUX MaTepiaAiB 3HAYHOIO
MipOIO caMe IIeif TOKa3HHUK, a He BUTPATA B AKY4Oro,
obMesKye IX MaKCHMaAbHY MinHicTh. O6HABa OKpec-
A€HHUX BHUINE 3aBJaHHA OyAO 3aIIpOIIOHOBAHO BHPI-
IIUTH ZBOMA METOJAMH, KOKEH 13 SIKHUX Ma€ CBOI 0CO-
OAUBOCTI.

Hepwuii memod — rigpodobisaliia IOBEPXHI MOPHUC-
TOro 3aroBHIoOBava. lle 403BoAsA€ 3HU3UTH a4cOpOIIiIO
BOAM 3 IIEMEHTHOI MaTpHIll (PO3YUMHHOI YAaCTHHH), 3a
PaxXyHOK YOTO IiJBUIIUTH BOJOLIEMEHTHE BiAHOIIECH-
HA cyMin 6e3 moripieHH: I TEXHOAOTITYHOCTI, a Ta-
KOK 3MEHIIUTHU 3MiHU 00’€MY 3€peH 3aI0BHIOBAYA Ta
MaTpHUIIl B IpoIeci cTpykTypoyTrBopeHHs: [26]. Kpim
TOrO, Tigpodobizamisa MOPHCTOro 3aNOBHIOBAYA CIIPHU-
A€ IEPETBOPEHHIO 3HAYHOI YaCTHHU f0TO IOp Ha 3a-
MKHYTI, IO 3HUKY€E IPOHUKHICTh KOMIIO3UTY B ILIIAO-
My 1 cipusi€ mABUIIEHHIO HOro AOBroBidHOCTL. /Ad
6€TOHIB IigpOTEXHIYHHUX 1 TPAHCIOPTHHX CIOPYA Tij-
po¢obisaliia 3aII0BHIOBAYA TAKOK JO3BOASAE 3HUUTU
€KCIIAYaTaIlliiHy BOAOTICTh MaTepiaAy (B mepury dep-
I'y — CaMOTO 3aIlOBHIOBAYA), O MiABHIIYE MIITHICTD y
BOAOTHX YMOBAX €KCIIAyaTalii a JASl 3aKPUTHX IpPH-
MiIIeHb TaKOK MiABUINYE KOM(POPTHICTh €KCIIAyaTa-
nii. BaxAuBO 3a3Ha4YMTH, IO CTyHEHb rizpodobisa-
1ii Mae OyTH ONTHUMaABHOIO AAA KOXKHOroO THIy bOe-
TOHY 3aA€KHO BlJ BAACTHBOCTEH 3allOBHIOBAYA 1 Iie-
MeHTHOI MaTpuii. Tobro, HEo6xigHO 36epiraTu nes-
HU 6aAaHC MK 3HHKEHHSAM BOJAOIOTAMHAHHS 3aI10-
BHIOBA4a 1 HOTO a4re3i€io 40 I€MEHTHOI MaTPHIIL.

ExcriepuMeHTaAbHI JOCAIAKEHHA Cy4HOOYAIBHOTO
KepaM3UTOOETOHY i3 3acTocyBaHHAM Trigpodobizanii
IIOBEPXHI IPaBil0 MOKA3aAH [27], mo gaHu#i TexHO-
AOTIYHHU HPUHOM JO3BOAAE NiABHIIUTH BOAOHEIIPO-
HHUKHICTb AeTKOro 6eTony Ha 1 mapky (2 arm.). Takox
BiH NpubAH3HO Ha 50 IIUKAIB IABHITYE MOPO3OCTIii-
KicTh KepamauTtoberony ta Ha 10-12% iforo minuictsb
npu cruckansi. llle gocute BakHHUM epekToM 6GyA0
3HmKeHHs npubAusno Ha 20% excnayaranifinoi Bo-
AOTOCTI A€TKOTO KOHCTPYKIIIHHOro 6€TOHY B yMOBax
IOCTIfHOTO KOHTAKTy 3 Bojomo. I'izpopobue o6pob-
A€HHA IIPOBOJHAM EMYABCIEIO KpEMHIHOPTaHIIHOI
piauan 136-157M (crapa mHassa I'KiK-94) pisHoi KoH-
neHTpanii. byao BcTaHOBA€HO ONTHMaAbHY KOHIIEH-
Tpariio rigpodobizaTopa B emyancii — 0,6-0,7%. ITo-
JAaAbllle MiABHINEHHA KOHIIEHTpanil KpeMmHiiopra-
HIYHOI piguHU HeepeKTHBHO. OCHOBHUM HEJOAIKOM
Takoro npuiiomy Mojudikaiii € Heo6XiJHICTb TpOBE-
JAE€HHA A0AAaTKOBOI TEXHOAOTTYHOI onepauil’ IIpu BH-
pobuunTsi 6eTony.

Apyauti memod — 06pobAEHHA TOPUCTOTO 3AIIOBHIO-
Bada IIEMEHTHOIO CYCIIE€H3IEIO. Horo poBOAUAH 6e3-
IocepeAHbO NPU 3MiIIyBaHHI, TOO6TO meill mpuiiom
TEXHOAOTIYHO € npocrimiM. JAsg o6pobareHHA Y 3Mi-
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HmIyBad I04AI0Th BCIO HeoOxiguy Boagy 3 30% Big He-
00XiAHOI Ha 3aMiC KIABKOCTI HOpTAaHALIeMeHTY. Jani
HNPOTATOM XBHUAUHH TOTYETBCA CYCIEH31A (IIpOBO-
AHUTBCA TEPEMIIIYBAaHHA), Y AKY HOTIM MOAAIOThH I10-
pucruii 3anosHioBad. Ilicas me npubAu3HO OAHIET
XBHAHHH IE€PEMIIIYBAHHSA 3allOBHIOBAYA Y ILIEMEHT-
HIi cycneHsii Aad 3gificnenHsa 6e3nmocepeHbO 06-
pobAaeHH#, y 3MiIIyBad IOJAIOTh PEMITY KOMIIOHEH-
TiB AeTKOOeTOHHOI cyMimi. ONTHUMAaAbHY KIABKICTB
LIEMEHTY y CycreH3ii 6yA0 BU3HAYEHO 32 pEe3yAbTaTaMU
rorepesHiX €eKCIEPUMEHTIB IIPHU KIABKOCTI B A7Ky40T0
y Getoni Big 400 g0 500 kr/M’. 3asnadenuii TexHo-
AOTIYHHN IPHIOM BigPI3HAETHCA BiA KAACHYIHOI TEX-
HOAOTII IPUTOTYBAaHHA AETKOOETOHHOI CyMIIIi AHIIE
THUM, IO y 3MiIyBadi HOPUCTHI 3aIIOBHIOBAY HACUTY-
€TbCA HE BOJOIO, a IIEMEHTHOIO CYCIIEH3I€I0, Yepe3 1ie
3araAbHUI 4Yac mepemimyBaHHA 30IABIIYETHCA IPH-
6Am3HO Ha 1 XBUAUHY.

OO6pobAeHHA IIEMEHTHOIO CYCIIEH3IEI0 3MIIJHIOE
MOBEPXHEBHH IIap KPYIHOI'O MOPHUCTOTO 3AIIOBHIOBA-
Ya Ta InepexigHoi 30HU MiK 3alIOBHIOBAYEM 1 PO3UHH-
HOIO JacTHHOIO 6eTony. Tob6TO MigBUIIyE agresio 3a-
MOBHIOBa4Ya A0 MaTpuni. CIpaBesANUBO BiA3HAYUTH,
IO CTYIIHb AK 3MIITHEHHA 3allOBHIOBAYA, TaK 1 3MIHK
aaresii 3aA€KHTb BiA CTPYKTYpPH 3€pEH 3aIOBHIOBa-
4a. Taxkox BaKAUBHM epeKTOM 0OpOOAEHHA € T€, MO0
BOHA JO3BOASE IMOKPAIIUTH OAHOPIAHICTh 3alIOBHIO-
Ba4Ya 3aBAAKHU 3AIIOBHEHHIO HOTO TPINIHH, IIOP Ta iH-
HIUX IOPOKHUH IIEMEHTHHUM TicToM. OcTaHHIN epeKT
€ HaflbIABII BAKAUBUM IPH BHKOPHCTAHHI IPHUPOJ-
HIX IIOPHUCTHX 3aIIOBHIOBAYIB, fIKI 3a3BHYAil € JOCUTD
PI3HOPIAHMMH 3a HIIABHICTIO Ta MIITHICTIO HaBIThH Y
MesKax ogHi€el mapTii. Binpml mopucTi Ta TPIMIUHYBATI
3epHa, fAKl € CAAOKIMIHUMH 1, BIAIIOBIAHO, pYHHYIOTBCA
IIPU MEHIIIOMY HaBAHTAKEHI Ta € GIABII IPOHUKHUMHU
AAA pIAUHH 1 Ta3y, 3aBAAKH HACHYEHHIO B SKYYHM
MEHIIIE BiJPI3HAIOTHCA Big OIABII IIIABHUX 3€PEH, 11O
pobuTh CTPyKTYpYy 6€TOHY 6iABII O4HOPIAHOIO.

Byao nposeaeHo g40cAigxKeHHA €PEKTUBHOCTI TEX-
HOAOTIYHOTO NpuiioMy 06po6AEHHA [IEMEHTHOIO CYC-
IEH31E€I0 3allOBHIOBAYA CyAHOOYAIBHHX KEpPaM3UTO-
6eToHiB i 6eToHIB Ha 1me6eH] 3 TEPEKPUCTANIZ0BAHO-
ro BallHAKY. ByAo BCcTaHOBA€HO, IO AAA CYAHOOYAiB-
HHX KE€paM3UTOOETOHIB, y AKHX BHKOPHCTOBYBAAH
KepaM3UTOBHI rpasiii kpynHaictio 40 10 MM, morme-
peaHe oOpobGAEHHA JO3BOAAE IMIABHIIUTH MII[HICTD
npu cruckansi Ha 5-10% 1 BO4OHENPOHUKHICTh MaTe-
piany Ha 0o4HY MapKy. /JAs 6€TOHIB Ha BAalTHAKOBOMY
3anoBHIOBaul (Pppakuisa mebenio 5-20 MM, HacumHa
rycruaa 1200 kr/m’, Mapka 3a minuictio 600) o6po-
6A€HHSA IIEMEHTHOIO CYCIEH3I€I0 MiABHINYE MIIJHICTD
npu cruckanni Ha 10-15% 1 Bo4OHEIPOHUKHICTD Y ce-
pedHbOMY Ha OAHY MapKy. Ilpu npoMy MakcuMaAbHA
BOJZOHEIIPOHUKHICTD MOAH(PIKOBAHOTO CYIEPIIAACTH-
PikaTopoM 1 MIKpOKpPEMHE3EMOM KepaM3uTOOGeTOHy
Ta 6eToHy Ha 06pobaeHOMY 1IebeH]I CTaHOBHAA Map-
Ky W14 [28, 29]. TakuM yunHOM, MeTO4 06pOobAEHHA
IIEMEHTHOIO CYCIEH3i€I0 € OIABII €PEKTHBHUM JAA
6eTOHIB Ha NIPHUPOJHUX MOPHCTUX 3AMIOBHIOBAYAX, €

TAKOK €PEKTUBHHUM JAA MIJBUIIEHHSA JOBTOBIYHOCTI
KOHCTPYKIIHHUX KepaM3UTOOETOHIB.

BUCHOBKU TA IIEPCIIEKTUBHU ITIOJAAAB-
mnux J0CAIAXKEHD

Y minoMmy obuaBa ImpoaHaAi3oBaHI METOAH MOZJHU-
pikamii mOBEPXHI MOPUCTOrO 3ANOBHIOBAYA JO3BOAS-
I0Th MIJBUIIUTH JOBTOBIYHICTb KOHCTPYKIIHHUX be-
TOHIB Ha A€T'KHX 3aIIOBHIOBaYaX AASA IPOTEXHIYHUX
1 TPAHCIIOPTHUX CHOPYA 3aBAAKH HiABHIIEHHIO BO-
AOHETIPOHHUKHOCTI Ta MiTHOCTI MaTepiany. IIpu mpo-
My MeTo/ rigpo¢obizanii mosepxHi € 6IABII parjio-
HAaABHUM IIpU BUPOOHHITBI GETOHIB KOHCTPYKIIIH,
AAA SAIKHX BA/KAHUBOIO € €KCIIAyaTaImifiHa BOAOTICTB.
3o0Kkpema, 1le KOHCTPYKINI IAABYYHX JOKIB, TOTEAIB,
AOMIB Ta CIOPYJ AAS OCBOEHHSA KOHTHHEHTAABHOTO
meAbdy. Metos o6pobAEHHA TOPUCTOTO 3AIIOBHIOBA-
4a [JeMEHTHOIO CYCIIEH3I€10 € OIABIT €pEKTUBHUM AN
6eTOoHIB Ha NPHPOJHUX IOPHCTHX 3aIOBHIOBaYax
3aBJAAKH IIABUIIEHHIO IX oJHOPiAHOCTI. Takox BiH
AOCUTb €(PEKTHBHO IABUIIYE JOBIOBIYHICTD KOHC-
TPYKIIHHUX KepPaM3UTOOETOHIB 3aBAAKH CHPHAHHIO
YTBOPEHHA 3aMKHYTOI IOPHUCTOCTI y 3alOBHIOBAYI.
O6ugBa mpoaHaAi3oBaHI METOAU IO3UTHUBHO BIIAH-
BaIOTh Ha MIITHICTH 3aIIOBHIOBAYA, IIPOTE IO-PI3HOMY
Ha iioro ajresioo Jo IleMeHTHOI MaTpuii. Bignosia-
HO Blj CITIIBBIAHOIIEHHA BEAMYUH KOre3lilHOI 1 ajre-
31{1HOI MIIJTHOCTI KOMIIOHEHTIB Y KOMIIO3UTI, a TAKOK
BiZ KPYIHOCTI 3aIIOBHIOBAYd, MOKHA PEKOMEHAYBa-
TH TOU 4H IHIIUH criocib6 Moauikamii iforo moBepxHi
AAA JOCATHEHHA IIBUIIEHHA JOBIOBIYHOCTI 6€TOHY.

Takox BaKAMBO BiA3HAYaTH, IO 3aBJAAHHS IIi/-
BHIIIEHHA JOBTOBIYHOCTI 6€TOHIB HAa MOPUCTHX 3aIlO-
BHIOBAYaX JAAA TiPOTEXHIYHHUX 1 TPAHCHOPTHHX CIO-
Py4 Mae BUPINIYBATUCA KOMIAEKCHO. To6To ckaaj
6eToHy HeoOXiAHO IMPOEKTYBATH 3 BpaxXyBaHHAM 3a-
6e3nedeHHA MiHIMAABHOI IPOHUKHOCTI 1 BUCOKOI MO-
PO3OCTIHKOCTI, AAA YOro MaoTh OYTH 3aCTOCOBaHI
cydacHi Mmoguikaropu. 30KpeMa, npejcTaBAeHl Jo-
CAIAKEHHA IIOKa3aAU BHCOKY €QEKTHBHICTb KOMII-
AEKCHHX 400aBOK, fIKI CKAAJZAIOThCA 3 CYIIE€PIIAACTH-
pikaropa i KoabMaTy040i 406aBKH ab0 3 cynepiAac-
TU}IKATOPA I MIKPOKPEMHE3EMY.

TakuMm 9HMHOM, TPOBEAEH] JOCAIAKEHHA JO3BOAH-
AH PO3BHHYTH TE€OPETHYHI OCHOBU OTpHUMaHHA 6eTo-
HIB Ha A€TKHX 3allOBHIOBAYAX 13 3aJaHUMHU EKCIIAY-
aTaifHUMH BAAQCTHBOCTSMU Ta IMABHUINEHOIO JOBIrO-
BIYHICTIO AAA TAPOTEXHIYHUX | TPAHCHOPTHUX CIO-
pPy4. 3alponoHOBAaHO NPAKTUYHI TEXHOAOTIYHI IPH-
oMU, fIKI JO3BOAAIOTH 3HU3UTH IPOHUKHICTL 6eTo-
HiB 1 3a6€31€YNTH 3aMKHYTY IIOPHUCTICTL 3AIIOBHIOBA-
4a, 32 PaXyHOK YOTro0 IiZBUIIUTH JOBTOBIYHICTb KOM-
ITO3UTY.
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ABSTRACT. Confinement with fiber reinforced
polymers of reinforced concrete columns is promising
retrofit solution for improving ductility of existing
structure. In the study, plastic deformation capacity
of fiber reinforced polymers confined square and

rectangular reinforced concrete columns were
parametrically evaluated. Recently released seismic
strengthening recommendations of American

Concrete Institute were considered for calculating
plastic rotation of specified columns. Fiber reinforced
polymers confined concrete model provided by the
design guideline was utilized for calculating moment
curvature relationship of fiber reinforced polymers
confined reinforced concrete columns. Numerous
sectional analysis was performed with combination
of various parameters (concrete strength, axial load
ratio and number of fiber reinforced polymers plies).
Plastic rotations of columns were determined with
plastic part of the curvature and plastic hinge length
for evaluating the effects of parameters on plastic
deformation capacity.
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AHOTAIIA. Po3rAsHYTO BHUTOTOBAEHHA 3aAizobe-
TOHHUX KOAOH 13 BUKOPHUCTAHHAM IiACUAEHHA 6eTo-
Hy HOAIMepHOIO $pibpolo anA 3ab6e3niedeHHA HOTO M-
BHIIEHOI gepopMaTHBHOCTL. B gocnigsxenHaAx mapa-
METPHUIHO OIIIHEHO 30IABIIEHHA IPAHHYHHX JepopMa-
niii 6eToHy 1 IX BIIAMB Ha HECydYy 3JaTHICTb 3aAizobe-
TOHHHUX KOAOH KBAJPATHOIO 1 IPSIMOKYTHOIO Iepepi-
3y, MACUAEHUX HOAIMepHOI0 $ibporo. Bukonano ana-
Al3 OCTaHHBOI peKoMeHalli AMEPUKAHCLKOTO 1HCTH-
TyTy 6€TOHY 1040 BIAHBY CEHCMIYHOTO HaBAaHTAKEH-
HA Ha HECY4y 34aTHICTb 3a3HAYE€HHUX KOAOH.

Mogeab GeToHy, MiJACHAEHOTO IOAIMEpPHOIO (pibpoio,
6yra BUKOpPHCTaHA IIPH PO3PAXYHKY JlarpamMu
«MOMEHT - KPHUBH3HA» 3a3HAYEHHX 3aAi300€TOHHHX
KOAOH. UnceAbHHH aHaAi3 OyAO BHKOHAHO IIPH Bapi-
anii pi3sHUX HapaMeTpiB (MIIHICTH G€TOHY, CTYIIHb
OCBOBOT'O HABAHTAKEHHA 1 KIABKICTh INApiB IOAIMEp-
HOi pibpu). ByAO BUBHAYEHO BIIAUB TiCUAEHOTO GeTO-
Hy Ha HeCy4y 34aTHICTb KOAOH 13 ypaxyBaHHAM IX KpHU-
BU3HH 1 JOBKUHH.

KAIOUOBI CAOBA: nonimepna ¢ibpa, naactudsa
Aedopmariid, macuAeHHA 6€TOHY
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INTRODUCTION

Existing reinforced concrete (RC) buildings that
haveinadequate ductility due tolack of confinement on
RC members vulnerable to heavy damage or collapse
under severe seismic action. External confinement of
columns with fiber reinforced polymers (FRPs) is an
effective retrofitting method for improving seismic
performance in terms of ductility. Effectiveness
of retrofitting has been extensively investigated
with several experimental studies (Balsamo et al.
[1], Di Ludovico et al. [2], Tore et al. [3]) in the
last two decade. Beside the effectiveness on seismic
performance, ease application and completion time
are other advantages of FRP confinement of columns.
Many design guidelines [4-7] and codes [8] have been
published for design calculation and application
of FRP wrapping. ACI440.2R is one of the most
preferred guideline for design FRP strengthening
techniques. FRP confinement of columns was not
directly addressed for seismic strengthening in
previous version of ACI440.2R [4, 5]. Design of
the FRP confinement for seismic application was
proposed to ensure required confined concrete
strain that associated with seismic displacement
demand for RC columns. Recently released version of
ACI440.2R [6] contains a unique chapter for seismic
strengthening which includes a detailed information
about improving seismic performance of existing
structure compatible with seismic evaluation and
retrofit codes.

In the study, sectional analysis of specified FRP
confined square and rectangular RC columns
were performed according to recommendations
of new version of ACI440.2R [6] for ductility
enhancement in seismic strengthening. Moment
curvature relationships of FRP confined concrete
columns obtained from sectional analysis for various
parameters: axial load ratio, unconfined concrete
strength and number of wrapped FRP layers. Effect
of the parameters on deformation capacity of FRP
confined columns was parametrically evaluated
in terms of the plastic rotation which is common
measure for seismic performance.

ACI440.2R (2017) RECOMMENDATIONS FOR
FRP CONFINEMENT

ACI440.2R  [6] contains  various  seismic
strengthening application for RC structural members
(i.e. frame elements, beam-column joints and shear
walls) under seismic flexural and shear actions.
Confinement with FRP is proposed for preventing
buckling of longitudinal reinforcing bars, improving
deformation capacity of plastic hinge and increasing
clamping action of poorly detailed lap-splices.
Improvement of deformation capacity is ensured by
enhancement of axial concrete strain relies on FRP
confinement. Only the effect of FRP confinement on
deformation capacity of plastic hinge were evaluated
in the scope of this study.

FRP confinement provides passive confining
pressure to confined cross section of RC member
with similar principle of steel stirrups and hoops.
Axial strength and strain capacity of confined
concrete are significantly improved due to triaxial
stress state caused by confinement action. Because
of high mechanical properties of FRP composites,
adequate increment on strength and strain capacity
can be ensured with small thickness FRP jacket.
Improved axial behavior of FRP confined concrete
are generally represented by stress strain relationship
model obtained from experimental database. Lam
and Teng [9,10] model is given in ACI440.2R [7] for
stress strain relationship among several FRP confined
concrete models in the literature. Model consists
of parabolic and linear branches calculated from
following expressions.

(Ec _Ez )2 2
E - : 0<¢g. <
=TT g G TREEE (1.a)
f(l + EZSC 8! < EL < gccu
A
E, == (.b)
.2f
g, —7(EC “E) (3.0)

In these expressions, f,, 'is a peak confined concrete
compression strength;

& 18 a ultimate confined concrete strain
corresponding to confined concrete peak strength;

/. is a unconfined concrete strength;

E. is a elasticity modulus of concrete.

Confined concrete

—_IE,
] —

£ _——— .
‘ : Unconfined
i concrete
Ec
e €1 0.003 Eceu

Fig. 1. Graphic representation of the solution of the
loss equation.

Fig. 1. Confined concrete compression peak
strength and  corresponding ultimate strain
are calculated from empirical Eqs. (2) and (3).
Confinement efficiency is reduced with ¥=0.95
factor for calculating FRP confined concrete strength.
Maximum confining pressure is calculated from
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Eq. (4). Unconfined concrete strain corresponding
to peak strength can be considered 0.002. FRP
strain efficiency factor at Eq. (5) can be considered
approximately 0.55, however FRP effective strain
should be limited with 0.004 to ensure the shear
integrity of confined concrete. Further details about
model can be found at ACI440.2R [6].

fo=f+W¥3.3x, [,

e 0.45
£, =€, 1.50+12xb4 £
f;‘ 8[‘

(2)

&)

2F nt
fi= e )
) (5)

nhere f;is a maximum lateral confining pressure;

¢, is a unconfined concrete strain;

x, and k_b shape efficiency factors;

&, 1s a FRP effective strain;

x, 18 FRP strain efficiency factor;

E,is a tensile modulus of FRP;

€5 1s a ultimate (rupture) strain of FRP;

D is a equivalent diameter of confined cross section;

n and ¢, are number of FRP plies and thickness of
one ply FRP sheet respectively.

According to ACI440.2R [6], FRP confinement
is not recommended for rectangular sections with
aspect ratio (h/b) more than 1.5 and largest side
length is greater than 900 mm. To ensure effective
confinement, confining pressure to concrete strength
ratio (f,/f.) should be minimal 0.08. In addition to
these, allowable ultimate confined concrete strain is
limited to 0.01 for avoiding loss of concrete integrity
with severe cracking.

SECTIONAL ANALYSIS OF FRP CONFINED
COLUMNS

Sectional analysis calculations to obtain moment
curvature relationship of FRP confined columns were
performed with code based CUMBIA program (Montejo
and Kowalsky [11]). RC column sections are divided
into finite number of concrete and steel fiber elements
and specific material stress strain relationship can be
assigned to each fiber element. Originally program
uses Mander et al. [13] concrete model and King et
al. [12] reinforcing steel model. Iterative procedure is
performed for estimating neutral axis corresponding to
each extreme concrete fiber compression strain to satisfy
force equilibrium equations considering plane section
remains plane assumption. Moment and curvature
values are obtained from calculation for each extreme
concrete strain increments up to the strain reach
ultimate point of material stress strain relationship. In
addition to moment curvature calculation, CUMBIA
program analyses force displacement relationship
and critical points (i.e. buckling point of longitudinal
reinforcement, shear failure displacement) of single

or double bending RC columns with rectangular
and circular cross section. Detailed information can
be obtained from Montejo and Kowalsky [11]. FRP
confined concrete model provided from ACI440.2R
[6] was added to program for sectional analysis of FRP
confined RC columns.

Properties of the considered columns for parametric
evaluation are presented in Fig.2. Cross section
dimensions were selected for square columns 300x300
mm and rectangular columns are 300x450 due to
the aspect ratio limitation (h/b<1.5) of ACI440.2R
[3]. Longitudinal reinforcement ratios of square
and rectangular columns were 0.014 and 0.011
respectively. Yield strength of reinforcements were
considered as 420 MPa. Confinement effects of stirrups
were neglected because of poor details (large spacing
and 90 degree hooked end) as the same as substandard
RC building. Sharp corners of the cross sections were
assumed to rounded 30 mm for preventing stress
concentration on corners to improve effectiveness of
FRP confinement. = Commercially available carbon
fiber reinforced polymer (CFRP) sheet was taken into
account with properties of 230 GPa elastic modulus,
%2.1 ultimate strain and 0.166 mm thickness of one
CFRP sheet.

e Essssstassssssssssstssssssssss . .
1014
i Hnmupe g
COHEXMGmm A L]
- Comarrsdi s
33 mm .. »

ZEGEAED A

Fig. 2. Details of square and rectangular columns.

Numerous sectional analysis was conducted for
stated range of the parameters; number of CFPR
plies 1 to 10, axial load ratio (ALR) %10 to %70 and
concrete strength ( f,) of 10, 20 and 30 MPa. ALR
is the ratio of axial load to axial capacity of columns
without contribution of reinforcing bars. Samples of
the moment curvature relationships of columns with
concrete strength 10 MPa and %20 axial load ratio
for difterent number of CFRP plies is given at Fig.3.
Reference curves in Fig.3 represents the unconfined
column behavior up to extreme compression concrete
strain 0.0035.

PARAMETRIC EVALUATION OF PLASTIC
ROTATIONS FOR FRP CONFINED CONCRETE
COLUMNS

Plastic rotation is one of the most preferred
deformation measure for evaluating seismic
performance of RC member which is used by modern
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seismic assessment and retrofit codes. Plastic rotation
capacity is calculated by multiplying plastic part of
ultimate curvature with plastic hinge length (Eq.6).
Among various parametric expression of plastic hinge
length, ACI440.2R [3] provides Eq.7 for calculating
plastic hinge length of FRP confined concrete
Plastic rotation capacity of columns was calculated
considering combination of parameters. Variation of
plastic rotation depends on parameters is presented
in Fig.4 and Fig.5.

(6)
(7)

ep=(¢u'(py )X Lp
L,=g+0.044d, f,

where

0, 1s a plastic rotation capacity;

¥, 1s a ultimate curvature;

®, is yield curvature;

L, is a plastic hinge length;

g is a gap between FRP jacket and adjacent RC
member;

d, and f, are diameter and yield strength of
longitudinal reinforcement, respectively.

As seen in Fig 4.a and 4.b, FRP confinement is
more effective for square columns than rectangular

160

B s 5 Plies CFRP
140
3 Plies CFRP
120 =
_ = | Ply CFRP
= 100 —— Reference
)
< B0 e ——
& —
5 60
P
40
20 fe =10 MPa
o ALR = %20
0
0 0.02 0.04 0,06 0,08 0.1 0,12
Curvature, ¢ (1/m)
a)
160
140 —_— | ——5 Plies CFRP
' 3 Plies CFRP
— 120 1 ply CFRP
7: 100 == Reference
o
= 80
‘; 60
-
40
20 fe =10 MPa
- ALR = %20
0
0 0,02 0,04 0.06 0.08 0.1 0.12
Curvature, ¢ (1/m)
b)

Fig. 3. Moment curvature relationship of a) square
b) rectangular columns.

ones with the same section width. Even though
shape efficiency factor for rectangular section (x, in
the Eq.3) is approximately 1.58 times greater than
square section’s, confining pressure f, is lower for
rectangular section due to the greater equivalent
diameter. Dotted parts of the lines in Fig4. represent
low confinement cases (f,/f, ) ratio is less than 0.08)
which is not recommended from ACI440.2R [3]. FRP
confinement is more effective for lower concrete
strength, however number of FRP plies is limited with
6 plies for concrete strength of 10 MPa owing to 0.01
strain limit of confined concrete in ACI440.2R [3].
Plastic deformation capacity improvement for 10 MPa
unconfined concrete strength case with maximum
number of CFRP plies (6 plies) are 5.76 and 3.90
times by comparison unconfined reference for square
and rectangular sections, respectively. Plastic rotation
increment is considerably low for concrete strength
of 20 and 30 MPa cases with the same amount of FRP
plies. Addition to these results, adverse eftect of axial
load ratio on plastic rotation capacity can be seen from
Fig.5b which is quite identical with effect on regular
reinforced concrete columns. Effectiveness of FRP
confinement is dramatically reduced with an increase
on axial loading especially for square column sections.
Therefore, retrofitting design with FRP confinement

0.04
0,035
= 003
= 0,025
E 002
2
=2 0,015
= 001 iz
L e=? — 10 MPa
0005 = 20MPa
— 30 MPa
0
0 = 4 6 g 10
Number of CFRP Plies
a)
0.04
0,035
-’;‘ 0,03
= 0,025
E 0m
=2
= 0,015
2.

e

0,01

- = — 10 MPa

- -
0,005 p=®=T —— 20MPa
= 30 MPa

0
0 2 4 6 b 10
Number of CFRP Plies
b)

Fig. 4.Effect of concrete strength and number of fiber
reinforced polymers plies a) square b) rectangular
columns.
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Fig. 5. Effect of axial load ratio on plastic rotation
capacity.

to meet seismic demand of columns under high axial
load can be lead uneconomic consequences.

CONCLUSION

In this study, last version of ACI 440.2R
recommendations  for  deformation  capacity
enhancement of RC columns with FRP confinement
is introduced. The FRP confined concrete model
provided by ACI 440.2R [3] was added to code
based sectional analysis program to obtain moment
curvature relationship of FRP confined RC member
with square or rectangular sections. A parametric
evaluation was carried out for investigation effects
of concrete strength, axial load ratio and number
of wrapped FRP plies on plastic rotation capacity of
specified square and rectangular RC columns. Plastic
rotation capacities were obtained from multiplication
of plastic part of the curvature and plastic hinge length
calculated from expression of ACI 440.2R [3]. Results
of the parametric study demonstrate that concrete
strength and cross section aspect ratio critically affect
confinement efficiency. Additionally, columns that are
subjected to very high axial loading (axial load ratio
0.6 and 0.7) are not suitable for seismic strengthening
with FRP confinement due to the non-economic
design requirement. Numerical results of this study
are only valid for specified columns, considered FRP
material and confined concrete model provided by
ACI 440.2R [3].
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REMARKS ON IMPROVEMENT OF DESIGNS
SYSTEM FOR REINFORCED CONCRETE STRUCTURES

IN CODES OF THE FUTURE

ABSTRACT. It is considered the design systems
for reinforced concrete structures being used in the
codes of different countries of the world, which
owing to the fib activity turn out to be in harmony
with Eurocodes and therefore the ones do not differ
considerably, that allows to conduct the analysis of
their state as some generalized designs system. It is
noted the disadvantages of known design systems
among of which it is distinguished according to
systemology the fundamental disadvantage: wide-
spread incoherentness of designs, i.e. impossibility to
derive the designs under partial simple stress-strain
states from designs under general complex ones, what
is consequence of imperfection of empirical models of
latter ones. The sources and causes of design systems
disadvantages are elucidated and the most important
one is showed: the non-elaborated General theory of
reinforced concrete, which is put off in the future. The
possible to-day ways of design systems improvement are
recommended: elaboration of general enough General
theory of reinforced concrete fragments. The examples
of improved general designs and experimental
verification of the ones are given. It is emphasized
the importance for design systems improvement the
Theory of plasticity, Fracture Mechanics and Direct
Variation all Design Methods, which are considerably
more simple for designers and students in comparison
with Finite Element Method. It is stated the Plan-list
of designs together with corresponding means of their
improvement in codes of the future.

KEYWORDS: reinforced concrete, structures,
elements, design systems, demerits, improvement
means.
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3AYBAXKEHHA oo a0 ITIOKPAITEHH A
CUCTEMH IIPOEKTYBAHHA AAA
3AAISBOBETOHHHUX KOHCTPYKIIIH B

HOPMAX MAUBYTHBLOTI'O

AHOTAIIIA. Po3rAsjaloThcsa CUCTEMH PO3PAXYHKY
3aAi306€TOHHHX KOHCTPYKIIiH, IO BAKOPUCTOBYIOTBCS
B HOPMAax pI3HUX KpaiH CBITY, KOTpI, 3aBAAKH AIANBHOCTI
MikHapoguol ¢pegepauii Berony (fib), rapmonizosauni
3 €BpoHOpPMAMH 1 TOMYy PO3PI3HAIOTLCA B OCHOBAX
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PO3PaxyHKY He CYTTEBO, IO JO3BOASIE ITPOBECTH AHANI3
X cTaHy AK 4€AKOI y3araAbHEHOI CHCTEMHU PO3PAXYHKIB.
BigMiyaroTbCs HEAOAIKH BIZOMHX CHCTEM PO3PaXyHKY
(CP) cepea AKX MOKHA BHAIAUTH BIAIOBIAHO JO
Cucremonorii ¢yHAAMEHTAABHHI HEJOAIK: IIHPOKO
PO3MOBCIO/JKEHA HEIIOB’A3AHICTh PO3PAXYHKIB, TOOTO
HEMOJKAUBICTD BHBOJAY PO3PaxyHKIB IpPH HPOCTHX
OKpEMHUX HampykeHo-gepopmosanux cranax (H/JAC)
3 PO3paxyHKiB IpH 3ararbHUX ckAaagaux H/AC, mo
€ HACAIZKOM HEZOCKOHAAOCTI E€MINPHYHHX MOJEAei
ocragHix. /xepeaa Ta npuuyuHH HeJOAiKiB CP
3’ICOBYIOTbCA Ta BHJIASIETBCSA OCHOBHHU 3 HHX:
HEPO3POOAEHICTh 3araAbHOi  Teopii 3anizobeTony
(3T3b), koTpa BigKAaZa€ThCA HA MAOYTHE, BHACAIZOK
HEJOCTAaTHBOTO BUBYEHHSA PAAY IHPOOAEM, 30KpeMa,
(PIBUIHUX 3AAEKHOCTEH OETOHY, MOAEAEeH 3UerAeHHA
apMatypu 3 6€TOHOM Ta iH. PEKOMEHAYIOTbCA MOKAUBI
Ha CBOTOJHI IIAAXH BAOCKOHareHH:A CP: pospobka
AocraTHbo 3araAbHEX pparMenTiB 3 T3b. IlpusBoaarsca
IIPHUKAAQAU BAOCKOHAAEHHX 3araAbHHX PpO3PaxyHKIB
Ta PE3YABTATH IX EKCIEPUMEHTAABHOI IIE€PEBIpPKH.
ITigKpPECAIOETBCA BaKAHBICTD AAA BgoCKOoHaAeHHA CP
BUKOpHCcTaHHA Teopii mAaacrmuHOCTI Ta MexaHIKK
KPHUXKOTO pyHHYBaHHS, a TakoK [IpAMux BapianiliHuX
METOZIB PO3PaxyHKy, KOTPi 32 KOMIT IOTEPHOI peaAisaniii
3HAYHO IPOCTIII AAA IPOEKTYBAaAbHHUKIB 1 CTYA€HTIB
ropisHAHO 3 Metogom Ckinyenux Eaementis (MCE).

KAIOUOBI CAOBA: 3aAi306eToH, KOHCTPYKIIi,
E€AEMEHTH, HEAOAKH, 3aCOOU BAOCKOHANEHHS, CHUCTEMU
PO3paxyHKiB.

1. PROBLEM FORMULATION:
DEMERITS OF KNOWN DESIGN SYSTEMS

1.1 Insufficient accuracy of models of RC elements
(RCE) and structures (RCS) under multiaxial SSS.
These models are as rule empirical and noted
demerit is displayed as partial or even complete
incoherence of designs under simple (partial) and
complex (general) SSS, that leads to impossibility of
derivation of partial designs from general ones. For
example, in codes of all countries of the world it is
impossible to obtain the known strength design of
RCE cross section under bending moment M action
only from the more general strength design of RCE
under action of shear force Q jointly with moment
M because the being used models of latter design
are so imperfect that transition to partial design
by Q=0, M#0 is impossible. It is usually not paid
attention to the noted demerit. However according
to the Systemology [1] perfect enough system has
well developed connections between its elements.
Therefore the comparatively perfect system of RCS
designs ought to possess the connections between
designs by partial and general SSS and the absence
of these connections witnesses the insufficient high
development level such designs system. The noted
demerit is most fundamental and the one involves

SOME

many partial demerits.

1.2. Non-optimality of RCE strength design under
action of shear force Q based on the truss model with
destruction of the concrete compressed «strut» between
regular inclined cracks in the RCE web. The noted
destruction is observed in tests [2, 3] in comparatively
narrow domain: that are RCE of T- and 2T - section
with thin enough web b,/A=0,06-0,15. Yet the web
thickness of RCE is often by far much than noted one
and the strength on concrete strut is so great that
danger of respective destruction is absent practically.
Then design of lateral reinforcement by the model of
concrete strut failure leads to very great intensity of
the one. However such reinforcement is not needed
really because the RCE with usual web thickness are
failure by the Dangerous Inclined Crack (DIC), the
model of which must be basis for design of lateral
reinforcement. When the DIC is developed the
lateral reinforcement resistance is used completely
what is not characteristic of destruction on crushing
of concrete strut.

In general the strength design model of bar
element under the forces M, Q, N action must
correspond to its reinforcing group in accordance
with elements classification [4] depending on quantity
of longitudinal and lateral reinforcement, respective
behavior under loading and failure type (Fig. 1).

Fig. 1. RC element classification:
ps, psw — respectively longitudinal tensile and
lateral reinforcement ratio,
os, osw — respective reinforcement stress,
CDZ - concrete destruction zone.

This classification allows to distinguish the group
of elements C with most economical expense of all
reinforcement —longitudinal and lateral. The existence
of the pointed out elements pushed to working out of
the Optimization Strength Theory of RC Elements
under joint action of the M, Q, N forces [5].

1.3. Inexactness of Deformation Strength Criterion
(DSC) in designs of RCE cross sections under action of
the M and N forces.

This criterion is used in codes of many countries
and the one is kept in MC 2010. According to DSC the
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tailure state of cross section is come when concrete
fiber strain on the RCE compressed side reaches the
so called «ultimate strain ¢, ». In codes the ¢, values
are set depending on concrete strength f, only and the
ones change on interval 3,5-2,8 %o being decreased
with f, increase. The mentioned above ¢, values
correspond approximately to the measured ones in
being tested beams and eccentrically compressed
RCE with large enough eccentricities ¢, of axial force
N. But when the ¢, is decreased and ¢,—~0 the value ¢,
— ¢., where ¢, is the concrete ultimate strain under
axial compression, which is considerably smaller
than under bending and eccentrical compression.
Thus the strength design of RCE cross sections with
the DSC use can’t take into account the gradual
change of concrete ultimate strain ¢,, when transition
from bending to axial compression. According to
experiments the ¢, depends on, except concrete
strength and section SSS character, also from section
shape, type of steel tension diagram, tensile and
compressed reinforcement quantity, prestressing et
al. The influence of the pointed out factors on the ¢,
can be taken into account if the inexact DSC will be
substituted by the force Extreme Strength Criterion
(ESC) [6].

2.ANALYSIS OF NEW RESEARCHES: SOURCES
AND CAUSES OF DEMERITS OF RCS DESIGN
SYSTEMS.

2.1.Information outburst and empiricism dominance.
The concrete and RC complicated properties, being
distinguished considerably from properties of
traditional constructive materials, apparently, are
still not studied and realized completely enough. In
such conditions it is necessary and it takes place the
continuous process of experimental investigations
of concrete and RC leading to growing volume of
information i.e. to information outburst. Herewith
the obtained experimental data are mostly used in
the form of empirical relations and designs leading to
the empiricism dominance.

Empirical way of designs receipt, which is
characteristic of the first development stage of all
branchesofsciencesand technics,islaborious, material-
spent and expensive especially under multiaxial non-
uniform SSS. This way not always allows to reveal all
determining factors which influence on structures
behavior. The obtained relations are partial with
limited by experiment conditions the application
domain which is not always clearly determined.
That is why on the basis of empirical relationships
it is impossible the complete enough optimization of
structures and their reliability guarantee.

2.2. Non-elaborated General Theory of RC (GTRC).
The history of sciences and technics [7, 8] shows
that the empiricism period can be replaced by the
period of General Scientific theory development as
higher form of generalization and systematization
of reached knowledge. The role of GT is displayed

in explanation of mechanism and physical reality of
known phenomena, connection between phenomena
being seemed independent and incompatible ones.
Most important role of GT is the prediction of the
new earlier non-observed phenomena. Yet the
elaboration of the GTRC is highly difficult and
long process demanding the profound knowledge
of concrete and RC specific properties which must
be expressed by means of generalized statements in
the form of mathematical wordings [9]. However at
present it is compelled to admit that GTRC is kept
as the cause of the future in consequence of some
problems which are still not solved with needed
completeness. In spite of numerous suggestions the
ground of the concrete physical relationships o, — ¢
under multiaxial SSS is first of all such problem.

2.3. Insufficient realizing of the concrete strength
properties.

2.3.1. Inexact notion about role of descending branch
of concrete physical relation o, — &, This notion arose
in connection with strength design of RCE cross
section. Herewith it is usually thought that role of
stress ¢ distribution along concrete compressed zone
height x by the curve with descending branch is
reduced to the making more precise of ¢, distribution
in comparison with being used often the simplified
distribution: rectangular, parabola-rectangle, bi-
linear. Apparently the pointed out substitution leads
to very small making more precise of the resultant
force N, in concrete compressed zone, lever arm of
internal forces Z and ultimate load parameter M, or
N, in the case when the section is non-overreinforced
and reinforcement steel has the yielding plateau. In
this case in consequence of design complication the
introduction of stresses distribution by the curve with
descending branch losses the common sense even in
comparison with simplest rectangular distribution
which leads to sufficient design closeness with tests in
pointed out case.

Situation radically changes when we intend to obtain
the general method of strength design of RC cross
sections which is applicable to both underreinforced
and overreinforced sections, for reinforcement steel
of both physical and conditional yielding limit, both
under bending and eccentrical compression by any
eccentricity value of axial force 0<¢;—>.

Consideration of such general design method
demands to use the complete compression diagram
0. — ¢, with descending branch of concrete and the
one leads to the new result [6]: introduction necessity
of the force Extreme Strength Criterion (ESC)
instead of the DSC. The conducted analysis reveals
the specific stresses o, redistribution on the concrete
compressed zone x which is accompanied by the
disstrengthening of more deformed part near RCE
compressed side and stresses increase near zero
line of g, stresses. At the beginning the pointed out
stresses redistribution restrains from failure of more
deformed concrete part, thanks to that the strain ¢,

i
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of RCE compressed side exceeds the concrete limit
strain ¢, under axial compression and the continues
to be enhanced together with load up to achievement
of ultimate strain ¢,,>¢,,. Thus on the interval ¢,,<¢,,<
&, bearing capacity of section grows up and the most
strained compressed concrete part experiences so
called «natural rigid loading». At the moment ¢,,=¢
the ultimate load parameter F, (M, or N,) reaches the
strict maximum and the ESC is displayed

F,(.)

After maximum the curve «load parameter F - fibre
strain ¢,,» comes on the descending branch and if the
load is not decreased the sudden failure of compressed
concrete and entire section happens by some stress
0, in tensile and ¢ in compressed reinforcement. It
is important to emphasize that display of descending
branch of concrete relation g, — ¢, specific stresses
redistribution on concrete compressed zone height x,
natural rigid loading of disstrengthening compressed
concrete part and the ESC are mutually connected
phenomena which together express specific pseudo-
plastic properties of concrete.

2.3.2. Insufficient clear division of the RCE behavior
into brittle, pseudo-plastic and plastic cases under multiaxial
SSS. Important peculiarity of concrete properties is
displayed as dependence of its behavior character
under load from sign and value of middle (hydrostatic)
stress 0 [10]. By tensile 0>0 before ultimate behavior
of concrete is close to elastic one and the coming of
ultimate state is connected with development of the
structural defects in the form of initial (often near
surfaced) microcracks, which under small enough
load grow up stably. One microcrack (dangerous)
earlier than others reaches the some critical length
l. and turns into rupture macrocrack on the level of
ultimate load. The dangerous crack is instable and
the one instantaneously spreads, divides structure
on parts leading to brittle failure (Fig. 2), which is
described by the Fracture Mechanics [11].

By mean values of compressed stresses ¢<0 (most

cu

= max (1)

Eem=Ecu

Fig. 2. Concrete strength surface in cylindrical
coordinates 0, T"and  or y, with meridional (A)
and deviation (B) sections. BR, PS, PL — intervals of
brittle, pseudo-plastic and plastic concrete behavior
respectively.

often meeting in the RCS) concrete displays in before
ultimate states the pseudo-plasticity with characteristic
dilatancy, conditioned by the development in concrete
the disperse system of microcracks. Herewith in failure
stage it is revealed the descending branch of concrete
relations o, — ¢; and the ultimate load is determined by
the ESC. Under high compressed 0<0 the microcracks
do not develop, the dilatancy is absent and concrete
behavior in ultimate stage is close to plastic one. Thus in
depending on sign and value o the adapted to concrete
Fracture Mechanics, Elasticity Theory and Plasticity
Theory with its versions of physical relations may be as
basic for working out of RCS designs on Ultimate and
Serviceability limit states.

TASK  FORMULATING: AT PRESENT
POSSIBLE WAYS OF IMPROVEMENT OF RCS
DESIGNS SYSTEM. EXAMPLES OF IMPROVED
GENERAL DESIGNS

The stated above analysis shows that principal
means of achievement of perfect enough RCS
designs system is General Theory of RC (GTRC) [9]
elaboration of which by objective reasons is put oft on
the future. Keeping the GTRC development as most
important strategic aim of investigations in the RCS
domain, it is necessary to formulate the relevant for
present conditions the tactics of improvement of RCS
designs system. In our opinion this tactics must be
the working out of the GTRC fragments, which are
distinguished by the considerable generality allowing
to solve wide enough circle of problems. GTRC
fragments reflect to some extent partial SSS and
take into account certain intensity of reinforcement,
influencing on the RCS deformation character
(Fig.1). Therefore the partial approximate models
of concrete, conforming with experiments can be
used for the GTRC fragments. As examples of GTRC
fragments may be the next ones.

3.1. Strength design of the RCE cross sections under
action of M and N forces on the base of deformation
model with the ESC [6]. This design does not introduce
any empiric relations and uses only the equations
of continuum Mechanics: static, geometric as plane
section hypothesis and physical relationships of used
concrete and reinforcement. General method [6]
allows to find from design all parameters of ultimate
state of RCE section regarding stresses and strains
of concrete, tensile and compressed reinforcement,
geometric quantities. The concrete ultimate strain of
RCE compressed side ¢, is obtained also from design
as one of unknown values. The design [6] takes
into account influence on the ecu not only concrete
strength but also section SSS character, section shape,
type of reinforcement tension diagram, quantity of
tensile and compressed reinforcement, prestressing
intensity et al., that is conformed with tests.

3.2. Optimization Strength Theory of RCE (OSTRCE)
under joint action of the M,Q,N forces [5]. This theory
is general for strength design both on inclined
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and normal (cross) sections (cracks) i.e. unlike
known design systems the one allows to derive the
partial design from general one. This fact witnesses
about more high development level of OSTRCE
in comparison with known designs. The OSTRCE
secures most economical reinforcement steel expense
and plastic failure as on normal (cross) as inclined
cracks.

3.3. Elementary Mechanics of Pseudo-plastic
Ultimate State of Concrete (EMPS) [10]. This analysis
draws attention to the fact that many practically
important strength problems of concrete and RC
elements under multiaxial SSS can be solved with
sufficient accuracy on the basis of known Theory of
perfect plasticity [12, 13]. Such possibility takes place
for different cases of shear, cut, crushing-splitting,
punching shear, pressing out, failure of reinforcement
anchorage, failure of different indirect reinforcement
et al. (Fig. 3).

Applicability of perfect plasticity theory is
limited by the «Applicability conditions» which are
formulated and illustrated by the examples [10]. The
important peculiarity of strength designs [13] is the
use of Direct Variational Method and velocities field
with gap (leap) on the some surface S, in volume I of
considered element. The velocities gaps are admitted

1. SHEAR, CUT

3. PUNCHING SMEAR

4 PRESSING QUT

I T P

-
N EiHIM R
iy

3 Y
VAR

Fig. 3. Characteristic elements groups with
destruction schemes according to [13, 16, 17].
The arrows without notation show the velocity of
elementary respective parts.

as in tangential AV, as in normal AV, directions to
the §, surface in consequence of volume deformation
(dilatancy) of concrete. Design is connected with
analysis of minimum of functional J corresponding
to Variational Principle of virtual velocities V; [14].
Functional J is simply calculated by the plasticity
condition [15] on the base of which the solutions of
many strength problems were obtained [4, 13, 16-22].

In particular for 2D SSS the functional J is written
down in general case of dynamic problems so

ik 2B(1+0,25(AV,’/AVn)2);—1 x

S XAI/n""p(AVn’Vn’Vn'"'AVt'Vn’Vt')

dS(2)

where

B=1/3+(T,/m) . T;=£f./3. m=Ff.—f, ©

p - concrete density, AV' AV’ - gaps (leaps) of
velocity components respectively in tangential ¢ and
normal n to the surface Sl directions, V' V' - mean
values of respective velocity components on both
sides of §; surface in some its point. For taking into
account of reinforcement influence on RCE strength
the functional (2) is supplemented by the particular
item / reflecting the virtual power of reinforcement
internal forces in the crossing places of reinforcement
with the surface S, The item [, is turned out to be
expressed also through gaps of velocity components.
The procedure of ultimate load design includes the
next actions:

1) choice of the shape of velocities gap surface §,
i.e. choice of cinematic failure mechanism of
considered element;

2) composition of the functional (2) for choose
cinematic mechanism and receipt from
condition /=0 of load parameter F expression
through unknown geometric parameters
G(K=1,2,...m) of failure surface S, and
velocities ratios K,=V,/V,(I=1,2,...n) of element
parts i, j = 1,2,...p, divided by the surface §,.

3) determination of unknown parameters G,
and K, from condition of minimum of load
parameter F(G,, K,)=min;

4) calculation of ultimate load parameter F, by the
found G, and K,.

For example in plane problem of two-sided
crushing-splitting of concrete slab the cinematic failure
mechanism includes (Fig. 4,a) two being drawn together
with velocities V, and -V, isosceles triangular parts 2 with
angle y between axis y and equal sides and two parts 1
mutually being dispersed with (Fig. 4,a) velocities 1/, and
— V,. The straight lines dividing parts 1 and 2 form the
velocities gap surface (line) S;. The unknown parameters
tgy and K= V,/ V, are found from minimum condition
of ultimate crushing stress f,. [13, 18]
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Fig. 4. Failure scheme of concrete slab under two-
sided crushing-splitting (a) and comparison of
theoretic curves with experimental points [18] (b).

1

£ Jm= {23[(1< ~1gy) +0,25(Kigy 1)’ ' ~(K —tg}/)}(l/tgy) W

+(f oK /m)(argy -1)/1gy,

where
a=hfl,, h, l,are showed on Fig. 4,a.

The strength curves (4) are obtained close enough
to experimental points [18] (Fig. 4,b).

The given example shows the merits of the offered
method:

comparative simplicity, clearness and obviousness
of failure schemes lightening the mastering of the
one by designers and students, application of simple
known optimization software in table processor MS
Excel, acceptable exactness.

However this method is first of all applicable to
simple enough one-coherent structures and elements,
which are spread far and wide in practice. In the
cases of complicated multi-coherent structures it is
completed to use the FEM with expensive software.

3.3.1. Comparison of the theoretical strength by the
EMPS with experimental one. The criterion of completeness
of experimental verification was considered as main by the
analysis of EMPS applicability to ultimate load design.
Therefore for EMPS verification the wide enough
elements totality with various SSS was attracted. With
this aim the groups elements (Fig. 3) were used: shear
and cut [16, 17, 20], crushing-splitting and punching
shear [18], indirect reinforcement including the
concrete filled steel tubular elements [21] and others.
It was obtained the following averaged indexes —
mean ratio M of test ultimate load F' to theoretic
F* and variation factor V of this ratio for the groups
elements: 1) shear and cut — M=0,992, V=12,71%;
2) crushing-splitting - M=1,005, V=11,52%; 3)
punching shear — M=1,010, V=8,0%; 4) indirect
reinforcement — M=0,962, V=4,625%. The given
data witness that EMPS leads to sufficient for
practice accuracy by determination of ultimate load
of concrete and RC structures and elements under
multiaxial non-uniform SSS.

PRIMARY RESULTS STATING: FOUR
CORNER-STONES OF RCS DS IMPROVEMENT
The possibility of brittle, pseudo-plastic and plastic

behavior of concrete and RC elements allows to
emphasize the importance of four means for RCS DS
improvement:

* theory of perfect plasticity used by the conditions
of its applicability with taking into account of
concrete and RC properties;

* Fracture Mechanics adapted to concrete and RC
properties;

* Direct Variational Methods of problems solving;

* Method of section in theory of cracks.

4.1. The taking into account of concrete and RC
properties in Theory of perfect plasticity. Herewith it
is meant the next:

1) use of plasticity (strength) condition which

conforms well with tests;

2) application of reinforcement intensity securing
the complete use of its resistance into all
directions and respective plastic behavior of
RCS in failure state;

3) control of the applicability conditions of perfect
plasticity model [10] and introduction (when
it is necessary) of correction factor taking into
account the decrease of concrete plasticity with
increase its strength [22].

4.2. Brittle failure criterion of concrete. In our
opinion the concrete is brittle enough material so
that designs with use of Fracture Mechanics can be
conducted on the basis of critical stress intensity
factor K- or fracture energy G, found from reliable
experiments. The pointed out designs of concrete
and RC elements lead to satisfactory proximity of
theoretic strength to test one if the values K, were
found on the specimens of sufficient dimensions and
if the stable growing up of the initial notches was
taken into account. When the stable growing up of
the specimen notch is taken into account the K.
values obtained by different authors turn out to be
close.

For use of Fracture Mechanics to RCS it is necessary
first of all the K, depending on concrete strength.
Such relationship was obtained in the experiments [4,
24] data of which are highly close. We recommend
the following relations for usual heavy concrete [25]

K,.=0,09£""

,cube

K, =0,539 1%

c,cube

by fwme <35MPa,  (5)
by [ 235MPa,  (6)

for claydite concrete

KIC = 0’ 056](;(,)2’228 bY f;,cube < 60 MPa ) (7)

where concrete cube strength f, ..
MPa-m®.

The experimental determination of K. is more easy
than G, one [26]. Herewith the recalculation from
K, to G and back meets the difficulties connected
with change of the deformation modulus of tensile
concrete in ultimate state near crack end.

in MPa, K, in
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The criteria of Fracture Mechanics are applicable
to the macrocrack, the length of which must be set
in order to make designs. But macrocrack grows
up from the initial dangerous microcrack when the
latter reaches so called «critical length [,», which is
unknown. The investigations [27] recommend to find
the [, depending on type and concrete aggregate
coarseness d,,.

1.4 —2—broken stone (granite, diabase),
I, =Kd

max ?

K =<1.2-1.5—gravel (granite, diabase),
1—soft aggregate (limestone).

It is clear recommendations (8) are indefinite
enough and question about determination of the /,, is
retained by the live issue.

4.3. Variational methods of problems solving. At
present it is acknowledged [14, 27] that one from
most productive methods of Continuum Mechanics
problems solving are methods based on the Direct
Methods of Variations Calculus and respective
Variational Principles. The known in Continuum
Mechanics Variational Principles [14, 28] allows to
reduce the problem of integration of Differential
Equations System to equivalent Variational problem
of search of function which give to some integral
(functional) the minimum value. For model of rigid-
perfect-plastic body the Variational Principles lead
to know Theory of Ultimate balance [23, 29] with its
two extreme theorems and respective two methods of
ultimate load approximate determination: static and
cinematic [14, 29].

The cinematic method is considerably more simple
and convenient for application than static one and
therefore it has far more broad use. The important
positive feature of cinematic method is obviousness
and explanatory ability of being used cinematic
failure schemes which more profound reveal the
failure physical reality of considered systems and
assist to designers and students to master this
method. Therefore in the OSTRCE and the EMPS
the cinematic method is solely used.

4.4. Method of sections in theory of cracks. This
method was offered as method of approximate
determination of stress intensity factor KI [30]
and the one allows to simplify considerably the
problems solving regarding both ultimate limit and
serviceability limit states of RCE and RCS.

CONCLUSIONS

The totalities of present-day designs for RC
structures, recommended by the Codes of different
countries of the world, possess the considerable
demerits the sources of which are insufficient use
of the contemporary knowledge of Systemology
and Mechanic-Mathematic sciences, including in
particular the Theory of Plasticity and Fracture
Mechanics. The offered trends to improvement of
designs system for RC structures are just connected

with the use of noted Sciences. The inexact semi-
empiric design models offered in different Codes
are presented as care about decrease of calculation
cost. But herewith it is forgotten about decrease of
optimization ability of such designs. Apparently
at present the computers’ possibilities jointly with
Direct Variation Methods allow to use the precise
enough models and simple accessible for designers
and students designs. Improvement of designs system
can’t be realized without profound enough study of
mentioned above scientific branches in universities.
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BETOHHU JAAA BIOI'A30OBHUX

AHOTAIIA. Pobora mnpucsadeHa po3poOAEHHIO
6eToHIB 610ra3oBHX YCTaHOBOK, B fAKHX OTPUMYIOTbH
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B pobori poO3rAgHYTO YMOBH eKCIAyaTamil
6iorasoBUX YCTAHOBOK, 30KpeMa (pEepPMEHTATOPIB.
OckirbkH 6eTOHHHI Kopryc ¢gepMeHTaTopa 3a3Hae
Ali arpecHBHOTO CepeJOBHINA PI3HOrO BHAY Ta
CTylleHsd, TO IpH HOro NIpPOEKTyBaHHI HeoOXigHO
y KOXKHOMY KOHKPETHOMY BHIAJKy HIPOBOJHTHU
aHaAI3 cepegoBuIa, y AKOMY Oyje eKCIIAyaTyBaTUCS
KOHCTPYKILifl, 3 BU3BHAYEHHAM CTYII€HsA arPeCHBHOCTI
Ta BCTAHOBAEHHAM BiJIIOBIAHOTO BUAY HOTO 3aXHUCTY.

Y 3B’A3Ky 13 CKAQJHHMH YMOBAMH €KCIIAyaTalil
$epMeHTaTOpPIB 3aIIPONIOHOBAHO YMOBHHI IOAIA HOTO
KOPIIYCY HAa 30HH KOHTAKTY: 3 Fa30BHM CEPEJOBUIIEM,
a TaKOK PIAKUM Ta TBEPAHM cepejoBuUmaMHu. B
poboTi BUBHAUEHO CTYIEH] arPeCUBHOCTI CEPeAOBHINA
y BIAIIOBIZHHX 30HAaX Ta BU3HAYE€HO OCHOBHI BHMOTHU
A0 MaTepianiB AASA BAAIITYBAHHSA Ta 3aXHCTY KOPIYCY
PepmenTaropa (6€TOHY Ta 3aXHCHOTO IOKPHTTA)
3aA€KHO Bl 30HH KOHTAKTy Ta BH3HAYEHOTO
CTyIeHs arpeCUuBHOCTI cepeAoBHIa. PekoMeHg0BaHO
KOPO3IHHOCTIMKI MaTepiaAl JAA BAANITYBaHHA Ta
3aXHCTy KOPHIyCy pepMEHTATOpa 3aA€KHO BlJ 30HU
KOHTaKTy Ta BHU3HAYE€HOTO CTYIEHA arpecHUBHOCTI
cepeJoBHUIIA.
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ABSTRACT. Paper is devoted to development of the
concretes for biogas plants for biogas production by
means of microbial decomposition of biomass. Biogas
is prospective type of alternative source of energy.

The conditions for biogas plants operation, the
fermenters in particular, is considered in paper.
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Because of a fermenter concrete body is subjected
to aggressive medium action with different kind and
extent, therefore there is necessary to analyze that
medium in every specific case of designing. In analysis
process there is necessary to determine an extent of
medium aggressiveness for structure under operation
and to provide the measures for its protection.

Following to complex conditions for the fermenters
operation there is proposed the conditional dividing
of its body by contact zones with gas, liquid and solid
medium. The extent of medium aggressiveness in
relevant zones and the basic requirements to material
for protection of fermenter body (concrete and
protective cover) is determined in paper depends on
contact zone and extent of medium aggressiveness.
There are recommended the corrosion-resistant
materials for arrangement of fermenter body depends
of contact zone and extent of medium aggressiveness.

KEY WORDS: fermenter, structures,
requirements, aggressive medium

concrete,

BCTYII

Ha cvorogni 3abe3rne4eHHs PO3BUTKY aAbTEPHATHB-
HOI €eHEPTeTHKH, AUBEPCHPIKALIA AKEPEA €HEPTI], B T.4.
3aCTOCYBAHHA eHeprii 6ioMacH, Ta3y 3 OPraHIYHUX Bij-
XOJIB, ra3y KaHaAI3allifHO-OYMCHUX CTaHIIH, 6iorasis
Ta BTOPUHHHUX €HEPTETUYHHX PECYPCIB TOLIO € IIpiopHU-
TETHUM HAIIPSAMKOM €KOHOMIKH 6araTbox KpaiH CBITY.

OaHuM 13 HaHOIABII IIEPCHEKTUBHUX IIASXIB OTPH-
MaHH#A eHeprii € BHUKOpHCTaHHA 6iorady — rasy, mo
OTPUMYIOTH y 610ra30BHX YCTAHOBKAX B PE3YABTATI Mi-
KpobHOro po3kaaganusa 6iomacu.

IlepeBaroro 6iora3oBHX YCTAaHOBOK € OTpPHUMaHHA
eAeKTpoeHeprii, Teraa Ta maauBa (6iorasdy) 3aBAAKH
repepobiii AemeBoi CHpOBHHHU — Bigxogis. Kpim Toro,
BUKOPHUCTAHHS BIAXOAIB yCyBae psaj npobiem mojo ix
30MpaHHA, TPAHCIIOPTYBaHHA Ta 30€piraHHA.

Ockinbkn 610ra30Bl YyCTAaHOBKU IIPAITIOIOTh, AK IIpa-
BHUAO, Ha BIAXOZaX, BOHH € JIEBUMU CHCTEMAMU OYH-
IIeHHA HAaBKOAHIIHBOTO cepegopuina. [lepepobka Big-
XOJIB JO3BOASIE 3ar100IrTM 3a6py4HEHHIO I'PYHTY, MO-
BEPXHEBUX Ta MIA3EMHHX BO/, & TAKOK 3HU3UTH BUKH-
AU MeTaHy B arMocpepy, 10 € OAHUM 13 cIocobiB 3a11o-
6iranHA raobarbHOMY IOTENAIHHIO [1, 2].

TaxuMm gynHOM, 610ra30Bl YCTAHOBKHU /JO3BOASIIOTH HE
AHIIE OTPUMYBATH €HEPTiIO Ta ITAAUBO 3 JEHIeBOi CUPO-
BHHH, a i 3an06iraT 3a0pyAHEHHIO JOBKIAAAL.

AHAAI3 OCTAHHIX JOCAIZKEHD 1
ITYBAIKAIIIA

biorasosi ycraHoBKH — 11e 00’€KT OyAIBHUIITBA, AKHIT
CKAQJAETHCA 3 TEPMETHYHOTO (pEPMEHTATOPA, OCHAIIE-
HOI'0 KOMIIA€KCOM CHCTEM IIIArOTOBKH Ta [OAABAHHS CH-
POBHUHHU, HAITpiBy Ta epeMinryBanaa 6ioMacH, KaHaAl-
3ariiHoI, Ta30BOi Ta EAEKTPUYHOI Mepex [3, 4].

biorasoBi ycTaHOBKH MOKYTb IIPALIIOBATH AK Ha OJ-
Hilf CHPOBHHI, Tak 1 Ha cymimax [3, 4]. OCHOBHUM KOM-
IoHeHTOM b6ioMacH, HeobxigHUM AAA poboru 6ioraso-

BUX YCTAaHOBOK, € PIAKUH Ta TBEpAUN I'Hii, KOMYHaAbHI
BIAX0JH, COAOMA, OypAIKOBA THYKA, BIAXOAU OBOYIB, J€-
peBHA 3eAeHb abo iHII opraHivHi Bigxoau [3, 4]. Kpim
TOTO, AAA ONTHMI3awii mporecy 6poJiHHA Ta aKTHBHOTO
BUZIA€HHA 6iorasdy 40 30poJsKyBarbHOI 6ioMacH goJa-
I0Th CIEI[laAbHI PEareHTH, 30KpeMa — BallHO, BYTAEKHC-
AHH ras, Ayr Tompo [3].

Y ¢pepmenraTopi Big6yBa€ThCSI KOHTPOABOBAHE 30po-
AXKyBaHH:A 6loMacH B aHaepOoOHHX (3a BiZCYTHOCTI KHC-
HIO Ta CBITAQ) YMOBaX IIPU IIEBHOMY Jlalla30Hi TeMIlepa-
Typ 3a JOIIOMOTOIO BiANIOBIAHHUX OakTepiit 3, 4].

Y ¢epmenrtaropax orpumyorh 6i0406pusa Ta 6ioras,
AKuil ckanagaerses 3 metany (CH,) — 55-75 %, Byraekuc-
Aoro ragy (CO,) — 25-45 % i ciprosoguio (H,S) — menme
1 %, a TakoK He3HAYHOI KIABKOCTI aMiaky (N,), BOAHIO
(H,) Ta iHmux croAyk [3, 4].

TaxuMm yuHOM, Kopryc ¢pepmentaropa Gesmocepea-
HbO KOHTAKTY€E 3 arPECHBHUM Ia3onoA10HUM, PIAKUM Ta
TBEPAUM CEPEAOBHIAMH, AK XIMIYHOTO, Tak 1 610AOTIY-
HOTO noxXoKkeHHA. Kpim Toro, KOHCTpyKIjia pepMeHTa-
TOpa IOBHHHA BUTPHUMYBATU BIAIOBIJHI HaBaHTaKEH-
H#A Bl4 BAACHOI Baru, IEpeKpHTT:A, 36pogxeHoi 6ioMa-
CH, TEXHOAOTIYHOTO OOAa/JHAHHSA TOIIO Ta BUTPHUMYBa-
TH 4110 TeMIeparyp, THCKy Tomo. Kopmyc pepmenraro-
pa noBuHEH O6yTH JOCUTH MIITHHI, KOPO3IMHOCTIIKMI Ta
abBCONIOTHO TrepMeTHYHUH [4].

OgHuM 13 HAHNONIMPEHIIINX MAaTePiaAiB AAS BHIO-
TOBAEHHS KopIrycy gepmeHTaTopa € 6eToH (3anizobe-
ToH). OCKiABKH G€TOHHUH Kopmyc ¢pepMeHTaTopa Iij-
JAA€TBCA arPECHBHOMY BIIAUBY PI3HOTO BHAY Ta CTYIIE-
H#, TO IPU HOro IPOEKTYBaHHI HEOOXIAHO Y KOKHOMY
KOHKPETHOMY BHIIAJKy IIPOBOAUTH aHAAI3 BUAY ceped-
OBHIIA, ¥ AKOMY OyJe €KCIAYaTyBaTHCH KOHCTPYKIIA 3
BHU3HAYEHHAM BIAIIOBIZHOTO CTYIIEHS arpecHBHOCTI Ta
BCTAaHOBAEHHSM BIAIIOBIAHOTO BHAY HOTO 3aXHCTY.

IIOCTAHOBKA 3ABAAHHSA

Mertoro nnpescraBaeHOl poOOTH € BCTAHOBAEHHS YMOB
eKcrayaranii pepMeHTaTopa, OCHOBHHX BHMOI JO Ma-
Tepiary HOro KOpmycy y pisHHX 30HaX KOHTAKTYy 3 pi3-
HUM CTYIIEHEM arpeCHBHOCTI Ta Ha/JaHHA PEKOMEHJa-
il Mo40 NPU3HAYEHHS BIAIIOBIAHOTO BUAY GETOHY Ta
HOro 3aXHCTY.

OCHOBHUM MATEPIAA I PEBYABTATH

Y 30HI KOHTAaKTy 3 ra30BHM CEPEJOBHUIIEM KOPIIYC
¢depMeHTaTOpa TOBHHEH MaTH BHCOKY TPIIMIMHOCTIH-
KICTb, Ira30- Ta BO/JOHENPOHHKHICTL. I'a3oBe cepejo-
BUIIE MICTUTh OKPIM METAaHy 3HAYHY KIABKICTb ByIAe-
KHCAOTO ra3y, CIpKOBOJHIO, aMiaKy, IHIIUX CIIOAYK, IO
CIIPUYHHAIOTL Koposito 6eTony. Kpim Toro, B rasi npu-
CYTHA BEAHKA KIABKICTh BOJAHUX IapiB, AKI KOHAEHCY-
I0TbCA Ha CTIHKaX (pepMEHTATOPA Ta BCTYIAIOTh § PeaK-
{10 3 IPHUCYTHIMH CIIOAYKaMH 3 YTBOPEHHAM arpecHs-
HUX JAA OETOHY Ta METAAEBUX €AEMEHTIB KOHCTPYKINH
CEepeJOBHII, 30KpeMa, CIpPKYBMICHHX KHCAOT [4]. 3a Bu-
COKHX TEMIIEPATYP YTBOPEHHSA KUCAOT IIPUCKOPIOETHC.

3rigno 3 11.5.9 [5] Aane cepegosumie Moxe OyTH Bij-
HECEHE 40 CHABHO arpecHBHOTO, o oTpebye nepBuH-
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Tabnuya 1. Bumozu 0o mamepianis 3anedncro 6id 6udy ma cCmynens azpecusnocmi cepedosuua

Cryniae
30HH KOHTAKTY ..
, arpecUuBHOTO Bumorwu go marepianis
(Bua o6’eKTa)
cepesOoBHINA
1 2 3
30HA KOHTAKTy 3 | CHABHO beron:
ra3soBHuM arpecuBHE - CcyAbQATOCTIHKUMU, CTIHKHI 40 AYAKHOI KOPO3ii;
cepesoBHINEM cepesOBUILLE .. .
pea T pea m - 3 MIHIMAABHHUM KAacoM 3a minuicTio — C35/45;
(pepmenrarop, XA3 o B 5
cHAOCHI  Tpamei, - 3 MiHIMAABHOIO BUTPATOIO eMEHTY — 360 Kr/m’;
pesepByapu  JAAS - 3 MAaKCUMaAbHHM BOJOLIEMEHTHHUM BigHomenusMm — 0,45;
36epiraHHs pigKuUx - BO/OHEIPOHMKHICTIO HE HIKYe WE;
A0GpuB) - 6e3 TpimuH (y AE€AKUX BHUIIAAKAX TI'PAHHYHO-ZOIYCTHMA
IMUPHHA PO3KPUTTA TpimuH 40 0,10 Mm).
3axuCHE MOKPHUTTA:
- 3 rPAHHYHO-ZOIYCTHMOIO IIHPHUHOIO PO3KPUTTSH TPIIIHH JO
0,1 mMm
- criiike 40 BOAHBY cepegoBuima 3 pH amkue 2
30Ha KOHTAKTY 3 | CUALHO beron:
plAKIM Ta | arpecuBHe - CyABQATOCTIMKMIA, CTIMKHN 40 AYKHOI KOPO3IT;
TBEPAUM cepesoBHIIe .. .
pa bea ™ - 3 MIHIMAaAbBHHM KAacoM 3a mingicTio — G35/45;
cepeoBHIEM XA3 o .
- MIHIM bH BUT T MEHTY — KI/M
(pepmerrrarop) 3 AABHOIO paToio nemenTty — 360 Kr/m”;
- 3 MAKCUMAAbHHM BOJOLIEMEHTHUM BigHomenuam — 0,45;
- BOJOHEIIPOHUKHICTIO HE HIKYe W8;
- 3 TPAHHYHO-JOIYCTUMOIO IMTHPUHOIO PO3KPHTTS TPIIUH L0
0,05 MM.
3axucHe NMOKPUTTS:
- 3 rPAHHYHO-ZOIYCTHUMOIO IIHPHUHOI PO3KPUTTS TPIIIHH JO
0,05 MM
criiike 40 BUAHUBY cepegosuina 3 pH nuxye 5,5
30HA KOHTAKTy 3 | cAabo beron:
PIAKHM Ta | arpecuBHe - CyABQATOCTIHKHUH, CTIHKHI J0 AYKHOI KOPO3IT;
TBEPAUM cepesOBUILLE .. .
pa pea m - 3 MIHIMAAbHHM KAacoM 3a minuictio — C30/35;
cepegOoBHINEM XAl o 5
. .. - MIHIM bH BUT T MEHTY — KI/M™;
(cmnanocHl  TpaHmIel 3 AABHOIO patoio yementy — 300 xr/m’
Ta pesepByapH JAs - 3 MAaKCUMaAbHHM BOJOLIEMEHTHHUM BigHomenusMm — 0,55;
3bepiraHas pigrux - BOJOHEIIPOHUKHICTIO HE HIKYe W4
A00pusB)
ITpumiTka - MOKAHMBA BiACYTHICTH 3aXHCHHX IIOKPHTTIB Y BHIIAAKy HAABHOCTI PE3YAbTATIB
CIEL[IAABHUX JOCAIAKE€Hb, IO BIAINOBIAHUM YHHOM IATBEPAKYIOTb OOIPYHTOBAHICTH TAKOI'O
pilIeHHA

HOTO 1 BTOPHHHOI'O 3aXHCTy Ta HAHECEHHS 3aXHCHOTO
MIOKPUTTS, IKE BUKAIOYATHME BIABHHI JOCTYII arpeCcHB-
HOTO cepezopuIna Jo 6eTony. Bianosigno go [5] mmupu-
Ha PO3KPUTTSA TPIIUH 6ETOHY KOHCTPYKIIi HE IIOBUHHA
nepesuntysaTd 0,1 MM, a €KCIIO3HUITIITHII KAAC arpecHB-
HOTO cepesoBHIIa cTaHoBuTEME XA3J.

BeTtonu B 30HI KOHTAKTY 3 ra30BUM CEPEAOBHIIEM I10-
BUHHI OYTH CyABYATOCTIHKIMHE, Ma-TH MAapKy 32 BOJOHE-
IIPOHHUKHICTIO He MeHITy Hixx W8, BogolleMeHTHe BiJHO-
menHA B/L] 6inpire ik 0,45 Ta 6yTH CTIHKHIMH 40 AYK-

HOI KOpO3ii.

OCKIABKH (P€PMEHTATOPH MOKYTh IIPALIIOBATH HA Pi3-
HOMAHITHIM CHPOBHHI, TO B 30HI KOHTaKTy 3 PIAKHM Ta
TBEPAUM CEPEJOBHUIIEM BOJHEBHI IOKa3HHK OloMacH
MOKe 3MIHIOBATHCA Bl HeHTparbHOro 40 Kucaoro (pH
< 5,5). 3rigno 3 Tabaunero A.2 [5] cepegosumie BigHO-
cath 40 XA2. Bpaxosyiouu, o Kopuyc (pepMeHTaTopa
HiA4a€ThCA IPH IIEPEMINITYBAHHI €po3ii Ta Ma€ Micne Ais
HIABUINEHUX TEMIIEPATyp, TO 3rigno 3 11.5.7 [5] crymins
arpecUBHOTO CepeJOBHINA IIABHIIYIOTH Ha OAHY CTY-

HAYKA TA BYJIBHULITBO 3(13)'2017



minb 4o XA3. 3rigHo 3 11.5.9 [5] BAHB arpecuBHOTrO ce-
PeAOBHIA BIAHOCATH 4O CHABHO arpeCHBHOTO CEpeJo-
BHIIA, IO riepes6avyae NepBUHHHUI | BTOPHHHUIN 3aXUCT
i morpebye HaHECEHH: ITIOKPHTTA, 110 BUKAIOYAE JOCTYII
arpecuBHOTO CEPEJOBHINA 40 6ETOHY.

beTonu B 30HI KOHTAKTY 3 PIAKHM Ta TBEPAHM CEPE-
OBHIIIEM IIOBUHHI OyTH CyABPATOCTIMKHUMH, CTIHKHMU
A0 AYKHOI KOpOo3ii, MaTH MapKy 3a BOJOHEIPOHHKHICTIO
He MeHIe Hik W8.

Kopnyc ¢pepmenTaropa norpebye migBHIIEHHA MIiAb-
HOCTI (BOZOHEIIPOHUKHOCTI) Ta TPIIIMHOCTIHKOCTI 6€TOo-
HiB. lllHpUHY PO3KPHUTTS TPINIUH Y 30HI KOHTAKTy 6€TO-
Hy 3 piAUHOIO, BiANIOBIAHO A0 TabAumi I'5 [5], o6mexy-
10T1b 40 0,05 MM.

[1pu nepeBuIIeHH] HIMPUHN PO3KPHUTTA TpimuH He-
TOHY, iX TOTPIGHO repMeTU3yBaTH IHE KTYBAHHAM €AaC-
TOMEPHOIO IIOAIMEPHOIO CMOAOIO.

Takum gymHOM, 6€TOH AASL KOpIycy (epMeHTaTopa
ITOBUHEH OYTH MIIJHUM, OIIABHUM, TPIITHHOCTINKUM, BU-

TPUMYBATH TEMIIEPATYPY €KCIIAYaTanil 40 70
°C (TeMnepartyp iCHyBaHHS METAaHOTE€HHHUX OaKTepiii) Ta
KOPO3IITHOCTIHKIM.

Y3araabHEHI BUMOTH 0 3aXHCTy KOpPIyCy (pepMeH-
TaTOpa 3aA€KHO BiJ CTYIEHS arpecHBHOCTI CepeJOBHU-
Ija eKCIAyaTamii 3 ypaxyBaHHAM BuMmor [5, 6] HaBege-
Hi B TabA. 1.

I1pu Bu3HavYeHH] CKAagy 6€TOHY AAA PepMEHTATOPIB
HeoOX14HO KepyBaTHCs BUMoramu [5, 7].

beron aAst BUrOTOBAEHHSI 3aAI300€TOHHHX KOH-
CTPYKIIii pepMeHTATOPIB MOBHUHEH OYTH CYyAb(ATOCTIII-
KuM. /IAs HOro OTpMMAHHSA 3aCTOCOBYIOTH CYAb(ATOC-
TIKHII mleMeHT. JIK aAbTepHATHBA MOKAMBE BHKOPHC-
TaHHA nopTAanjnementy Mapku [T111/A-111-400 3riguo
3 [8] (CEM 1I/A-S) i3 404aBaHHAM aKTHUBHHX MIHEPAAb-
HuX A06aBOK. KIABKICTH Ta CIIIBBIAHOIIEHHS aKTHUBHUX
MiHEPaABHHX [J400ABOK BH3HAYAIOTh €KCIEPHUMEHTAND-
HO 3a BuMoram# [9]. MosKAUBICTD BUKOPHUCTAHHSA TIOPT-
Aanguementy Mapku [TLITI/A-1I1-400 3riguo 3 [8] i3 cy-
MIIIIITIO AKTUBHUX MIHEPAABHHUX JOOABOK IATBEPAKE-
Ha gocAipkenssavu [10, 11].

JAg oTpUMaHHA BUCOKOPYXOMHX OETOHHUX CyMimeit
3 HU3BKUM BOJOLEMEHEHTHUM BIAHOIIEHHSIM MOKHA
BHKOPHCTOBYBATH CyHEPIAACTH(PIKATOPH Ha OCHOBI 11O~
Alkap6oKcuAaTis.

Takok MOKHAQ BHKOPHCTOBYBATH BHCOKOMIITHUI
CyABPATOCTIMKNI GETOH 13 KOMIIAEKCHOIO AKTHBHOIO Mi-
HEPAABHOIO 406aBKOIO, IO MICTUTh HMOAIKAPOOKCHAAT-
HUH CyHeprAacTUPIKATOP Ta CYMIMI aAIOMOCHAIKATHHX
A006aBOK B oNTHMaAbHOMY criBBigHomenHi [10, 11]. Ta-
KHI cyAbpaTocTiiikuii 6€TOH, 32 paxyHOK BBEJEHH: B
ONTUMAABHIN KIABKOCTI KOMIIAEKCHOI aKTUBHOI MiHe-
parbHOL J06aBKH, 403BOAsIE ekoHOMHUTH 40 10-18 % 1e-
MeHTY 6€3 IOTipIIeHHA HOro (pi3HKO-TEXHITHHX BAACTH-
BOCTEl 3 OJHOYACHUM MiABUIIEHHAM KOPO3IHHOI CTiii-
KocTi 6€eToHy B cyAbpaTHOMY cepegosui [10, 11].

beTon BHUTpHUMYy€e BHCOKI MEXaHIYHI Ta TEpPMIYHI Ha-
BAaHTAKEHHA, IIPOTE, fAK AYKHHH Marepiaa, He CTIMKUM
A0 Al KucAOT 3 piBHeM pH <4, B TOMY 4HCAl 1 40 Aii CyAB-
¢darHOI KHcroTH (6lOreHHA CYAB(ATHOKHCAA KOPO3is).

ToMmy AiNAHKH, AKI TA4AI0THCA MIABUIIEHOMY XIMIYHO-
MY BIIAHBY, IIOBUHHI OyTH 3aXHUIIeH]I HAZHETPOHUKHHM
MOKPHUTTAM, 106 YHEMOKAUBHTH IIPOHUKHEHH A KHCAO-
IO CEpPEeJOBHINA TA AK HACAJOK — MOIIKOAKEHHA 6eTo-
Hy. /las nboro nmorpibHa JOCTaTHA TOBIIMHA IIAPY CHC-
TE€MH 3aXHCTy MOBEPXHI 3 PETAAMEHTOBAHOIO ITUPHUHOIO
PO3KPHTT TPIIIMH Ta CTIMKICTIO 40 Aii KHCAOT.

Pexomengariii mo40 BUTOTOBACHHA Ta 3aXUCTy 6eTo-
HY (pepMEeHTATOpIB 3BeAeH] B [12].

BHUCHOBKHU

JAd BAQIITYBaHHSA KOPITYCY pEPMEHTATOPIB, a TAKOK
IHITHX CIABCBKOTOCIIOAAPCBKUX CHOPYZ YV 30HI KOHTAK-
Ty 3 CHABHO arpeCUBHHUM Ta30BUM cepejopuineM (XA3
3rigHo 3 [5]) HEOOXiJHO BUKOPUCTOBYBATH:

- 6eToH: CyABYATOCTIHKHUIL, CTIHKHIT 40 AYAHOI KOPO-

311; 3 MIHIMAABHUM KAACOM 3a MIHICcTIO — C35/45;
3 MIHIMaABHOIO BUTPATOIO IleMeHTy — 360 Kr/M°; 3
MaKCUMaAbHUM BOJOILIEMEHTHUM BIJHOIIEHHIM —
0,45; BogoHETpOHUKHICTIO He HUzKIEe W8; 6€3 Tpi-
muH (y A€AKHX BHIAJKAaX I'PAaHHYHO-ZOITYCTHMA
HIIpPUHA PO3KPUTTA TpimuH 40 0,10 Mmm);

- 3axHCHE IOKPHTTA: 3 TPAHUYHO-JOIYCTHMOIO ITH-
puHOIO po3KkpHuTTA TpimuH g0 0,1 MM; crifike 40
BIIAUBY cepegosuma 3 pH mkae 2.

JAf BAQIITYBaHHSA KOPITYCY pEPMEHTATOPIB, a TAKOK
IHITHX CIABCBKOTOCIIOAAPCBKUX CHOPYZ YV 30HI KOHTAK-
Ty 3 CHABHO arpeCUBHHM PiJKHM Ta TBEPAHM CEPEJOBHU-
meM (XA3 3rigHo 3 [5]) Heo6XiZHO BUKOPUCTOBYBATH:

- 6eroH: CyAbQATOCTIHKHI, CTIHKHI 40 AyKHOI
KOpo3ii; 3 MIHIMAABHHM KAQCOM 3a MIITHICTIO —
C35/45; 3 MiHIMAABHOIO BUTPATOIO IleMeHTy — 360
KI/M’; 3 MAKCHMAaAbHUM BOJOIIEMEHTHUM BIAHO-
meHHAM — 0,45; BOJAOHENPOHHUKHICTIO HE HHUK-
ye W8; 3 rpaHH4HO-4O0IIyCTHMOIO IIHPHHOIO PO3-
KputTs TpimuH 40 0,05 MM;

- 3aXHCHE IOKPHTTA: 3 TPAHUYHO-JOIYCTHMOIO ITH-
puHOIO po3kpuTTA TpimuH o 0,05 MM; cTiiike 40
BIIAUBY cepegosumia 3 pH Hmkge 5,5.

/JAf BAQIITYBAaHHSA CIABCBKOTOCIIOAAPCBKHX CIIOPYA Y
30H1 KOHTAKTY 31 CAA0O arpeCUBHUM PIZKHM Ta TBEPAUM
cepegosuiamu (XAl sriguo 3 [5]) HeOOXiZHO BHKOPHC-
TOBYBaTH GE€TOH 13 TAKUMH XapaKT€PUCTUKAMH: CYAb-
daTocTiiiKui, CTIHKHI 40 AYKHOI KOpO3ii; 3 MIHIMaAb-
HUM KAacoM 3a minnicTio — C30/35; 3 MIHIMAABHOIO BH-
Tparow nementy — 300 Kr/M°; 3 MAaKCHMaABHUM BOJO-
IIeMEHTHHM BigHOmeHHAM — 0,55; BOZOHEIIPOHUKHICTIO
He HIK1e W4.

Pexomengariii mo40 BUTOTOBACHHA Ta 3aXUCTy 6eTo-
HY pepMEHTATOpPIB 3BeAeH] B [12].
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O.B. Ymepos-Mapmaxk, J/I.O. Ilepunaa

¢bEHOMEH OTAPA INIETPOBWYA
MYEANOBA-NIETPOCAHA

(mo 100-piuys Bim HS HAPOIKEHHS)

Ha nouyartky 50-x poKiB MMHY/IOrO CTONITTA B
KpaiHi 6yno B3TO HanpsaM Ha po3BUTOK iHAYCTPIi, B
TOMY YMC/li - Ha PO3BUTOK 36ipHOro 3anizo6eToHy.
Y CTBOpEeHHi OCHOB TeXHONOrii UeMeHTy, 6eTOoHy
Ta iHWKX 6ypiBenbHUX MaTepianiB novyecHe Micue
3aMMae XapKiBCcbKka HayKoOBa LWKOJIa BUAATHOrO
BYeHoro OTapa leTpoBuua qup,nosa neTpoana
Woro im’a cTrano cumeonom disnko-ximiuHoi enoxu
BiTYM3HAHOro 6ypiBenbHOro Matepiaso3HaBCcTBa.

HaToM4yac6eToOHpPO3rnaAgannaKAoBOIiNPOCTUNHOTUPbOXKOMNOHEHTHUM MaTepian.
Otap MeTpoBuY, AK NPUXUIABHUK TNN6OKUX HAYKOBUX PO3po60K, NoYyaB BUpillyBaTH
HarasbHi BUpo6HMYi 3aBAaHHSA. BOCHOBY pilueHb 6y10 noknapeHo Pi3MKo-XiMi4Hi 3aKOHU
Ta Metoau. TepMmopaMHaMika, AK BaXnuBiwun po3gin ¢isnyHoi ximii BUsHayae 3MiHM
eHeprii (TennoTu) i HanpaBneHicTb Npouecis, WO NPOTiKalwTb. Bneple B 6ygiBenbHoMy
MaTepiano3HaBCTBi B XapKoBi 6ys10 po3po6neHo anapaT i MeToa0/10rilo TepMOgUHAMIKM
CTOCOBHO CKJIagHUX CUNiKaTHUX 06’ekTiB. OnaHoBaHO MeToau ¢i3uyHOI i KonoigHoi
XiMii - TepMiyHUI | KANIOPUMETPUYHMA AaHANiI3U, PEONIOTil0, CTPYKTYPOYTBOPEHHS TOLO.
MpioputeTom 6yno cpopmynoBaHHA NpUHLMNY BigNOBIiAHOCTI MOMEHTY iIHTEHCUMBHOCTI
Ta TPUBANOCTIi NPUKNAfaHHA gUHaMiYHuX (Bi6pauyis, npecyBaHHA), TeNN0BUX, XiMiYHUX
BNJIMBIB J,0 KOMNJIEKCHUX TEPMOANHAMIYHMX XapaKTePUCTUK L,EeMEeHTIB Ta 6eToHIB, Wo
TBepAiloThb. Lle npuHLMN NpakTU4YHO 6yN10 3aK/1afEeHO B OCHOBY TEXHOJIOTNiYHUX pilleHb.

OTap MeTpoBMY HIKONM He NPUMYLUYBAB i He HANONAraB Ha BU3SHAYEHHI WAAXIB i
MeTofiB HAYKOBUX pAochnipg)xeHb. CBobopa B peanizauii HayKoBUX rinotes cTumyiloBana
Moro y4HiB g0 KponiTkoi i 4yecHoi po6oTu. MoXxnuBo, B LbOMY i NpMXOBaHUU (peHOMEH
MuepgnoBa-lMeTpocsHa, AKUM BUXOBaAB 15 foKTOpiB i noHap 100 KaHguAaTiB Hayk.
TBopuya aTmocdepa CNOHYKasa [0 NOWYKY HOBUX pilleHb BigNOBiAHO A0 KOHKPETHUX
TEeXHONOriYHUX 3aBAaHb. [lOHECTU iX HAyKOBY CyTb - 6naropiiiHe i XxapakTepHe
HaMaraHHs, sike Otap MeTpoBUY WOAEHHO NPULLEN/IOBAB CBOIM CNiBPO6iTHUKAM.

FonoBHUW opieHTUpP Todi i Cborom-li - ue co3 HayKu i BUpo6HuyTBa. OTpUMaHI
3HaHHA PO3BUBAIOTBCA | MOBHOK MipOl BUKOPUCTOBYIOTbCA NPU  BNPOBafKEHHI
Be/IMKONaHeNbHOro goMobypiBHMUTBAa Ha Haubinbwomy i nepefoBoMy B YKpaiHi
XapkiBcbkoMy pomobygiBenbHoMy KoM6iHaTi N2 1. MoHag COpOK POKiB NPOJOBXYETbCSA
BiSANbHICTD 3aM0YaTKOBAHOI HAYyKOBOI LWKO/M B OAQHOMY 3 BigoMux 6ypiBenbHUX
HaBYa/IbHUX 3aKNapiB KpaiHU - XapKiBCbKOMY iH)XeHepHo-6ypiBelbHOMY iHCTUTYTI,
3apas3 - XapkiBCbKOMY Hal,iOHa/IbHOMY YHiBepcuTeTi 6yaiBHULTBA Ta apXiTEeKTypMu.

CniBpob6iTHUKM Kadeppm Pi3nKo-XiMi4YHOT MeXaHiKM Ta TeXHONOTii 6eTOHY aKTUBHO
6epyTb yyacTb Yy BNpoBafg)XeHHi 6eTOHIB HOBMX NOKOJiHb Yy GyAiBenbHiN ranysi.

BaraTouucneHHi nyb6nikauyii, ponoBigi Ha NPecTUXXHUX HAYKOBUX i BUPOOGHMUMX
¢opymax, moHorpadii, HaBYa/IbHO-MeTOAUYHI NOCi6HUKKN, aucepTauii, pgep>xaBHi Ta
HayKOBi Haropogu - nigCyMKuM TpuBanoi npayi XapkiBCbKOI HayKOBO-T€XHOJIOriYHOI
wkonm MuepnoBa-lMeTpocsaHa. BiH 6YyB AOKTOPOM TexXHiYHUX HayK, npodecopom,
3ac/y)KeHMM BUHaXiGHUKOM i 3aC/Iy)KeHUM fisueM Hayku YKpaiHu,/laypeaTtom [lep>xaBHOi
npemii YKpaiHU Branysi HayKu i TeXHiKu, Y1eHOM-KopecnoHaeHToM AKagaemii Hayk Ipysii.
Mpauyi BYUeHOro BU3HaHi HAYKOBOK CMiZIbHOTOI YKpaiHu Ta CBiTy.

Y )XOBTHi LbOro poKy BUNOBHIETbCA 100 poKiB Big AHA NOro Hapop)XeHHA. PiBHO
20 poKiB 1Ooro Hemae 3 Hamu. NMpoTe Nam’aTb NPO NpeKpacHy NAUHY, BUJATHOIO
BYEHOro Ta Buutens 3aBXau B HalIUX cepusaX.



IHCTUTYT BYAIBEALHUX KOHCTPYKYIM»

MIHICTEPCTBO PETTOHAJIbHOT'O PO3BUTKY, bY JIBHVIITBA
TA JKUT/IOBO-KOMYHAJIBHOI'O TOCITOOAPCTBA YKPAIHIN

AEP)XXABHE MIANPUEMCTBO g L
«AEPXXABHMUMU HAYKOBO-AOCAIAHMUU

(ANl HAIBK)

HAYKOBO-TEXHIYHA AIAJIBHICTD Y BY AIBHUIITBI

1.
2.

T

HOPMU, CTAHIIAPTU
Po3spobenns 6yniBeIbHIX HOPM, fep>KaBHUX cra”naptis (JCTY) 2
TexgquMX CBiﬂgHTB s> P TEXHIYHI CBINOLITBA

HaykoBo-TexHiYHIIT CYIPOBIi/I IPOEKTYBaHHs, 3BEJIEHHA Ta eKCIUTyaTallii PO3PAXYHKW
Oy7iiBenb i CIOpyp B T.4.: HA TEPUTOPIAX 3i CKJIaJ{HVIMU IH>KEHEpHO- ITPOEKTYBAHHA
TeOJIOTIYHVMM 1 CeMICMIYHMMY YMOBaMIL; 00 €KTIB sIepHOI Ta TEIIOBOI MOHITOPVIHIL
€HEPIeTUKA EXXE
Po3po6eHHA KOHCTPYKTUBHYIX pillieHb Ta TEXHOJIOTIi 3BefleHH:A TOCTYIIHOTO SRGLR
SKUTIIA BUITPOBYBAHHSI
Po3po0/IeHHs TeXHIYHMX pillleHb 3 MIBMUINEHHs eHeproeeKTMBHOCTI EKCITEPTVI3A
Oy/1BeNbHIX 00 €KTIB KOHCY/IbTATIII
[mxUHIpIHTOBl NTOCTYTY:

M onTuMisalis IpOeKTHYX pillleHb Oy/iBeNIbHUX 00 €KTiB ab0 iX eneMeHTiB
B po3po0/IeHHs METOIiB PO3PaXYHKIB OyAiBe/IbHIX KOHCTPYKIIII
M po3poO/IeHHs TEXHOIOT il BUTOTOB/IEHHS Oy/IiBe/TbHIX KOHCTPYKIIiIL
PO3pOo6IeHHs peKOMeH/Iallill PV PEKOHCTPYKLIiI OyAiBesb i ciopy
obcTe>xeHH: i OLliHKa OyZIiBeTbHYX KOHCTPYKILiN; po3poOKa MacnopTiB
TEXHIYHOTO CTaHy OyZiBesb Ta CIOPY
TEXHIYHMI HaT/LA]] 32 OYAiBHUIITBOM
reofie3MYHNIT KOHTPO/Ib 32 OYIiBHULITBOM
cepTudikaris OyfiBeIbHIX MaTepianiB, BUPOOiB Ta KOHCTPYKILi
eKCIIEPTU3a HAYKOBO-TEXHIYHOI MTPOMYKILii, Y TOMY 4MC/Ti IIPOEKTHIAX,
HAYKOBO-JIOCTITHMX Ta OCTiTHO-KOHCTPYKTOPCHKIX POOIT
KOHCY/IbTaLliliHi IOCTIYTIA; . -
HiAroTOBKA KajpiB BUIOI KBajTidiKallil yepes acripaHTypy
[HXeHepHO-TeoI0T14YHi, re0di3NYHi BUITYKYBaHHS
CratuHe i fyHaMiYHe BUIPOOYBaHH: Halb
YucenbHi po3paxyHKM OYAVHKIB i CIOpPYH
ITpoexTyBaHHA CHIELlia/IbHVIX BUJIIB po6iT B OyZ[iBHMIITBI:

M OCHOB i yHIaMeHTIB BCiX THUIIIB

M KapKaciB MOHOJIITHVX Oy/IVHKIB

B nocuieHH: Oy/iBebHIX KOHCTPYKII

10. bypiBHMIITBO Iif KIIOY:

11. KOoHTpO/b SIKOCTi MaTepialiB Ta KOHCTPYKLIIL:

@ ycyHeHH: HaJHOPMATVBHIX KpeHiB OyIVHKIB i ciopy
M 3MiIJHeHH: IPYHTIiB METOZIOM I/IOMHHOTO 3MilllyBaHHA

M yIIiIbHEeHHA IPYHTIB IiipoBNOyXOM "
B BOMOITIOHVKEHHA

W rigpoisonAuis GyHTaMEHTIB i CTiH

B yocuieHH: Oy/iBe/IbHMX KOHCTPYKII
M KOMIIEHCATOPH JIA TPyOOIpOBO/IiB

B CyLUIbHICTD Ta JOBXKVHA I1a/1b

M MiIHICTb 6eTOHY 3a/1i300€TOHHIX KOHCTPYKILil

B yIiIbHEHHA IPYHTIB

B 3aKpilUIEHHA LIEMEHTOM CK/IVICTUX MaclBiB

® o1liHKa PiBHS Ta PO3pOOKa 3aXMCTY aKYCTUYHOTO OTOPSIDKEHHS KUTIOBIX,
TPOMAJChKIIX, Y T.4. CIIEllia/Ii30BaHMX T€aTPA/IbHIIX, My3€/HIX, apXiBHIX, BU-
POOHIYNMX Ta IHIINX 00 EKTIB

B orfiHKa PiBHA TEIUIOTEXHIYHNX SKOCTel OyiBeTbHIX KOHCTPYKIIii

12. MoHiTOpyHT OyIVIHKIB i CIOpPYH, B T.4. aBTOMAT/30BAHNUI
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044 249- , pakc: 044 248-89-09
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Ten/dakc: 061 277-13-59
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www. niisk.ad.ua
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TelL/pakc: 0362 22-34-60
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